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ABSTRACT
Pheromones *r« highly active chemical niassangers 
which are secreted by a member of an animal species and 
e lic it  a definite behavior in other members of the same 
species. The study of insect pheromones has recently 
attracted great attention because of their purely scienti­
fic interest and their favorable prospects for the control 
of pest insects. The study in this dissertation aims at 
the elucidation of some important aspects of the 
mechanism of perception of insect pheromones, which is 
based on the fact that the cyclic analogs of the 
natural pheromone have partia lly  fixed conformations, 
whereas the straight-chain natural pheromone is  more 
flexible and can adopt numerous conformations. The cyclic 
compound which best mimics the action of the natural 
pheromones presumably has a conformation similar to that 
which the pheromone adopts when bound to the receptor site. 
The project includes the following:
1. Syntheses of cyclic analogs of natural pheromones: 
<i) 4-ethyl-3 -(5-acetoxypentyl)cyclopsntene C203 and
its  cyclopentane C1S3.
Ci i > 4-methyl-3-<5-acetoxypentyl)cyclohexene C21D and 
its  cyclohexane C19D.
2. Structure elucidation including conformational
xx i
a n a l y s i s .
3. Results of conformational energies derived from 
MM2 calculations.
Compound C203 was synthesized from the kinetic s ily l enol 
ether of 2-(5-acetoxypentyl)-3-ethyleyelopentanone [373 
which was treated with BHa.THF, followed by acidification, 
to give E203. Compound C213 was also obtained, using the 
same method from 2-(5-acetoxypentyl)-3-methyleyelohexanone 
C633. Compound C373 was reacted with p-toluenesulfonylhy- 
drazine in DMF—sulfolane having p—toluenesulfonic acid mo— 
nohydrate as catalyst, followed by NaBHsCN to give 2- 
(5-acetoxypentyl)ethyleyelopentane C183. In a similar 
manner, 2-<5—acetoxypentyl)methylcyclohexane C193 was 
obtained from C633. Several less successful routes to 
these disubstituted ring compounds were explored.
The structures of C18 - 203 were assigned based on XH 
NMR, 19C-NMR, IR, and MS spectral data. Their stereochem­
ical assignments have been made on the stereochemistry of 
analogs, their epimerization under alkaline conditions, or 
the coupling constants of the two hydrogen atoms on the 
two carbons bearing substituents. The most stable confor­
mations of the 5- and 6-membered ring systems are in an 
envelope and a chair forms, respectively from MM2 calcula­
tions.




During the past 20 ysars thsrs has bssn a rapid 
expansion in ths chemical idsntification and synthssis of 
inssct pheromones,1 at laast partia lly  in an effort to 
provide alternatives to the use of insecticides for the 
control of insect populations. The identification of a 
pheromone and the development of a practical chemical 
synthesis allow the necessary biological research to be 
carried out to determine whether or not the compounds can 
be used to interfere with the normal behavior of the 
insect species and to aid in successful pest control. 
Pheromones are highly active chemical messengers which are 
secreted by a member of an animal species and e lic it  a 
definite behavior in other members of the same species. 
Various insect behaviours are also controlled by 
pheromones. Pheromone compounds are used in intraspecific 
communication to regulate the behavior of animals 
(insects in particular) in such activ ities  as attraction 
to the opposite sex, aggregation of both sexes, sexual 
stimulation, and tra il following. These responses are 
brought about by remarkably low concentrations of the 
pheromone component. Pheromones constitute only one 
category under the general term “semiochemicals"
(semeionssignal), which include both in ter- and intraspe­
c if ic  signals.
3
Studies of insect pheromones have recently 
attracted great attention because of their purely 
scientific interest and their favorable prospects for 
the control of pest insects.3 Though no pheromone has 
to date been fu lly  registered for use in crop 
protection,3 progress has been made in the application 
of several pheromones in pest control programs and some 
experimental use permits have been granted by the U.S. 
Enviromental Protection Agency. Survey and monitoring 
traps incorporating synthetic sex pheromones have been 
widely used for measuring the presence and abundance of 
pest populations and are commercially available. Many 
different experiments at insect control have also been 
carried out with varying success using mass trapping, 
host baiting, and communication disruption techniques.
There are more than a million species of insects 
in nature. Among th is wide variety similar species are 
encountered, which are almost indistinguishable in 
their external features. However, in the world of insects 
there is  almost never any crossing of different species. 
The maintenance of “order" in nature is favored by a 
number of refined phenomena involving sight, hearing, 
and especially smell, which is very highly developed in 
insects. This enables them to find food, sites for the 




The French naturalist Jean Henri Fabre was the 
f irs t  to note at the end of the XZXth century that the 
female of Saturnia peri CL) placed in a cage attracted a 
large number males. He carried out experiments with other 
species of butterflies Cmoths) and concluded that the 
female executes vibrations which are propagated in air 
in the form of waves and are received by the antenna of 
the male. Later i t  was established that the information 
provided by the female is  transmitted with the aid of a 
chemical substance. These substances have been called 
sex attractants (the compounds secreted by one insect in 
order to influence another individual of the same 
species and to induce in the la tter definite responses) 
are frequently called pheromones as indicated above.9 
Kirshenblat proposed a classification of such compounds 
and introduced the term "telergones".*
Although observations that male moths are attracted 
over considerable distances to females of the same species 
have been made during the last century, i t  was not until 
1959 that an active compound from a female moth was chemi­
cally identified by Butenandt et a l.7. Karlson and 
Luscher coined the term pheromone for such intraspecific 
chemical signals.9
Butenandt*s achievement - the indentification of 
bombyko Cl), a single, active compound from hundred of
5
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th o u sa n d s  o f  f em a le  s i lkw orm  moths (Bombyx mori)  over  a  
2 5 - y e a r  p e r io d  w i th o u t  b e n e f i t  o f  modern i n s t r u m e n t a t i o n -  
m i s l e d  a number o f  su b seq u e n t  i n v e s t i g a t o r s  who u n c r i t i c a l ­
l y  adopted  h i s  b i o a s s a y ,  which i n v o l v e d  s h o r t - r a n g e  s e x u a l  
e x c i t a t i o n .  T h is  was t h e  a p p r o p r i a t e  r e s p o n s e  t o  measure  
in  an i n s e c t  t h a t  had been d o m e s t i c a t e d  for s i l k  pro­
d u c t i o n  and no lo n g e r  o c c u r r e d  in  f i e l d  p o p u l a t i o n s ,  but  
i t  was l a t e r  m isused  in  m o n i to r in g  ch e m ic a l  f r a c t i o n a t i o n  
in  t h e  s e a r c h  for  l o n g - r a n g e  a t t r a c t a n t s .
Furtherm ore ,  i n v e s t i g a t o r s  o f  fem a le  moth 
pheromones through t h e  1960*s  s e a r c h e d  for  t h e  s i n g l e  
un ique  compound t h a t  would e l i c i t  a p a r t i c u l a r  r e s p o n s e .  
In most i n s t a n c e s ,  t h e  compound i s o l a t e d  through  
l a b o r a t o r y  b i o a s s a y s  d id  n o t  e f f e c t i v e l y  a t t r a c t  male  
moths in  f i e l d  p o p u l a t i o n s .  In ( 1969 ,  Moorhouse e t  a l . v 
r e p o r t e d  t h a t  t h e  male red  ballworm ( D i p a r o p s i s  
c a s t a n e a )  responded in  a l a b o r a t o r y  b i o a s s a y  t o  f i v e  
s u b t a n c e s  i s o l a t e d  from t h e  f e m a le ,  and t h a t  t h r e e  
f r a c t i o n s  s e p a r a t e d  by g a s  chromatography (GO produced  
an e le c t r o a n t e n n o g r a m  (EAG) r e s p o n s e  from male a n te n n a e .  
They s u g g e s t e d  t h a t  f a i l u r e  t o  o b t a i n  a good f i e l d
r e s p o n s e  for  s e v e r a l  s p e c i e s  o f  moths was a con se q u en ce  
o f  f a i l u r e  t o  i d e n t i f y  o th e r  a c t i v e  components o f  t h e  
pheromones t h e y  proposed EAG r e c o r d in g  o f  GC f r a c t i o n s ,  
which h a s  a l s o  been e x t e n s i v e l y  e x p l o i t e d  by R o e l o f s .  
10 As e a r l y  a s  1964, Wright 11 s u g g e s t e d  t h a t  mul­
t icom ponent  pheromones would be e x p e c t e d  t o  convey  more 
in f o r m a t io n  than s i n g l e  compounds and t h a t  such  
multicomponent communication s y s t e m s  would have  e v o lv e d  
in  n a t u r e .  During 1970’ s ,  most o f  t h e  moth pheromones  
d e s c r i b e d  were m ult icom ponent ,  and r e i n v e s t i g a t i o n  o f  
t h o s e  i d e n t i f i e d  e a r l i e r  u s u a l l y  r e s u l t e d  in  t h e  
i d e n t i f i c a t i o n  o f  a d d i t i o n a l  components ,  w i th  a 
c o n s p ic u o u s  improvement in  t h e  f i e l d  r e s p o n s e s .  The 
"missing" component i n  s e v e r a l  c a s e s  was found t o  be  a 
sm al l  amount o f  t h e  g e o m e tr ic  isomer o f  t h e  u n s a t u r a t e d  
component o r i g i n a l l y  i d e n t i f i e d .
T y p i c a l l y ,  but w ith  some e x c e p t i o n s ,  moth 
pheromone components a r e  l o n g c h a i n ,  u n s a t u r a t e d  a c e t a l s ,  
a l c o h o l s ,  and a ld e h y d e s .  The pheromone may be a m ix tu re  
o f  p o s i t i o n a l  i s o m e r s ,  or s t r u c t u r a l l y  s i m i l a r  n on iso m er s .  
In a number o f  c a s e s ,  a p r e c i s e  r a t i o  o f  g e o m e tr ic  
i so m e rs  d e t e r m in e s  which o f  s e v e r a l  c l o s e l y  r e l a t e d  
s p e c i e s  i s  a t t r a c t e d  in  t h e  f i e l d .  An o c c a s i o n a l  e p o x i d e ,  
k e to n e ,  or hydrocarbon has  been r e p o r t e d .  S e v e r a l  moths  
respond t o  a s i n g l e  compound; t h e  s e x  a t t r a c t a n t s  o f  t h e  
gypsy  moth, Lymantria d i s p a r ,  for  example,  i s  a c h i r a l
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m o l e c u l e ,  end t h e  moth r e s p o n d s  o n l y  t o  t h e  
( 7R, 8 S ) - C+>- c  i s —7 , 8 - e p o x y - 2 - m e t  hy1oc t a d e c a n e  enant  iomer s
C23
The male  c o t t o n  b o l l  w e e v i l ,  Anthonomus g r a n d i s ,  
p r o d u ce s  a four-com ponent  C3-63 s y n e r g i s t i c  pheromone,  
which a g g r e g a t e s  m a les  and fe m a le s  i n  t h e  f i e l d . x*
‘Otf
C H O ° He a
C51
Not a l l  b e e t l e s  u s e  mult icomponent pheromones. The 
s e x  e x c i t a n t  and a t t r a c t a n t  pheromone e m i t t e d  by t h e  
fem ale  b la c k  c a r p e t  b e e t l e ,  A t ta g e n u s  megatoma, 





An am brosia  b e e t l e  in  t h e  P a c i f i c  Northwest
( G n a th o tr ic h u s  s u l c a t u s )  d e g r a d e s  l o g s  and lumber by 
b o r in g  d i r e c t l y  i n t o  t h e  xylem. In t h i s  p r o c e s s  t h e  male  
r e l e a s e s  s u l c a t o l  CBl, which a g g r e g a t e s  both  s e x e s .H o w e v e r ,
n e i t h e r  enant iom er  o f  C83 i s  a t t r a c t i v e  by i t s e l f ;  r a t h e r ,  
a s y n e r g i s t i c  m ix tu r e  o f  both  e n a t i o m e r s  (over  a r a th e r  
broad ra nge  o f  r a t i o s )  i s  r e q u i r e d .  A c l o s e l y  r e l a t e d ,  
sy m p a tr ic  s p e c i e s ,  G n a t h o tr ic h u s  r e t u s u s ,  p rod u ces  and 
resp o n d s  t o  o n l y  a s i n g l e  enantiom er  o f  t h e  same compound; 
t h e  r e s p o n s e  i s  i n h i b i t e d  by t h e  o t h e r  en a n t io m e r .  They 
t h u s  f u r n i s h  an example o f  e n a n t io m e r -b a s e d  i n t e r r u p t i o n  
o f  a t t r a c t i o n  between sy m p atr ic  s p e c i e s .
J a p o n ic a ,  c o n s i s t s  o f  a s i n g l e  e n a t io m e r ,  j a p o n i l u r e  C9D, 
and t h e  a d d i t i o n  o f  even a few p e r c e n t  o f  t h e  a n t ip o d e  
d i m i n i s h e s  t h e  r e s p o n s e . 19
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The pheromone o f  t h e  J ap a n ese  b e e t l e ,  P o p i l l i a
9
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In t h e  c a s e  o f  t h e  i n s e c t s  mentioned above  t h a t  
produce  c h i r a l  compounds, t h e  r e s p o n s e  i s  t o  o n l y  one o f  
t h e  e n a n t io m e r s .  The o t h e r  isomer app ea rs  t o  be  i n e r t  
and d o e s  n o t  i n t e r f e r e .  I n t e r p o p u l a t i o n a l  d i f f e r e n c e s  and 
i n t e r s p e c i f i c  i n t e r a c t i o n s  have  been dem o nstra ted  a t  t h e  
l e v e l  o f  e n a n t i o m e r * . 1^* *•
T h ese  few example o f  pheromones p r o v id e  e v id e n c e  
o f  t h e  d i v e r s i t y ,  c o m p l e x i t y ,  s e n s i t i v i t y ,  and 
s p e c i f i c i t y  o f  such b e h a v i o r a l  c h e m i c a l s . 17 One f u r th e r  
problem i n  s t u d y i n g  them i s  t h a t  t h e  e x t r a c t  o f  a 
pheromone—e m i t t i n g  g la n d  may not  r e p r e s e n t  t h e  a c t u a l  
a i r b o r n e  m essage  p e r c e i v e d  by t h e  r e c i p i e n t ,  i n  which 
c a s e  c o l l e c t i o n  o f  t h e  a i r b o r n e  m a t e r ia l  may be t h e  b e s t  
p r o c e d u r e . 1“
S e v e r a l  r e c e n t  r e v i e w s  d i s c u s s  t h e  p r a c t i c a l  
a p p l i c a t i o n s  o f  pheromones, 10 which can be  c a t e g o r i z e d  
a s  f o l l o w s t
1. Pheromones used in  t r a p p in g  i n s e c t s  for  m o n i to r in g  
and s u r v e y .  I n s e c t  p o p u l a t i o n s  can t h u s  be e s t i m a t e d  and 
new a r e a s  o f  i n f e s t a t i o n  can be d e t e c t e d  a t  a v e r y  e a r l y  
s t a g e .  8uch a p p l i c a t i o n s  o f  pheromones a l l o w  t h e  u s e  o f
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i n s e c t i c i d e s  o n l y  whan needed .
2 .  Pheromones uaad aa l u r a a  in  c ir c u m s c r ib e d  a r a a s  t h a t  
ara  t r a a t a d  w i th  i n s e c t i c i d e s ,  hormone a n a lo g ,  or 
p a th o g e n s .  I n s e c t s  lu r e d  t o  t h e  a r e a s  become c o a te d  or 
i n f e c t e d  w ith  t h e  harmful s u b s t a n c e s  t h a t  t h e y  than spread  
t o  t h e  r e s t  o f  t h e  p o p u l a t i o n .
3 .  Pheromones used in  t h e  mass t r a p p in g  o f  i n s e c t s  for  
p o p u l a t i o n  s u p p r e s s i o n .
4 .  Pheromones used t o  premeate  t h e  a i r  t o  d i s c r u p t  m ate-  
f i n d i n g  or a g g r e g a t i o n ,  t h e  end r e s u l t  b e in g  p o p u la t io n  
s u p p r e s s i o n .  Parapheromones ( c h e m i c a l s  t h a t  mimic 
pheromones)  or ant ipherom ones  ( c h e m i c a l s  t h a t  i n t e r r u p t  
r e s p o n s e s )  may a l s o  be u sed .
The phenomenon o f  p e r c e p t i o n  o f  s i m p l e ,  v o l a t i l e  
c h e m i c a l s  on t h e  i n s e c t  a n tenn ae  i s  one o f  major i n t e r e s t  
in  i t s e l f ,  a s  w e l l  a s  r e p r e s e n t i n g  one o f  t h e  s i m p l e s t  
m a n i f e s t a t i o n s  o f  t h e  v ery  g e n e r a l  b i o l o g i c a l  d e v i c e  o f  
s p e c i f i c  m o l e c u l e - r e c e p t o r  s i t e  i n t e r a c t i o n s ,  a d e v i c e  
adapted t o  a m u l t i t u d e  o f  p u rp o se s  in  a l l  l i v i n g  sy s tem .  
S i n c e  t h e  i n s e c t  pheromone sy s tem  i s  one o f  t h e  s i m p l e s t  
o f  t h e s e  d e v i c e s  in  n a t u r e ,  t h e r e  i s  a r e a s o n a b le  
p o s s i b i l i t y  t h a t  an u n d e rs ta n d in g  o f  t h e  p h y s i o l o g y  
a s s o c i a t e d  w ith  pheromone p e r c e p t i o n  can be d e v e lo p ed  in  
some d e t a i l ,  and t h a t  u n d ers ta n d in g  can s u g g e s t  means o f  
i n v e s t i g a t i n g  r e c e p to r  s i t e  f u n c t i o n s  in  more c o m p l ic a te d  
s y s t e m s .
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Two f a c e t s  o f  t h s  communication sy s tem  which  
r e q u i r e  e l u c i d a t i o n  a r e  t h e  mechanisms o f  p e r c e p t i o n  a t  
t h e  a n te n n a l  r e c e p t o r  s i t e s  and t h e  c o n v e r s i o n  o f  t h o s e ,  
presumably p r i n c i p a l l y  e l e c t r i c a l ,  s i g n a l s  i n t o  a
b e h a v i o r a l  r e s p o n s e  on t h e  p a r t  o f  t h e  i n s e c t .  The
p r e s e n t  r e s e a r c h  i s  d e s ig n e d  t o  a c q u i r e  in f o r m a t io n  
c o n c e r n in g  t h e  former f u n c t i o n ,  a l r e a d y  i n  i t s e l f  a
form id a b ly  complex p r o c e s s .  P e r c e p t i o n  a t  a n te n n a l  
r e c e p t o r  s i t e s  i s  f r e q u e n t l y  d i s c u s s e d  s im p ly  in  term s o f  
" f i t "  o f  a s t i m u l a n t  m o le c u le  at  a r e c e p t o r  s i t e ,  but  
c l e a r l y  t h e  p r o c e s s  i s  more complex than t h a t .  
K a i s s l i n g a o - 21 h a s  d e s c r i b e d  a s e q u en ce  o f  e v e n t s  b e g i n -  
in g  w i th  a b s o r p t io n  on t h e  s e n s i l l u m  ( t h e  an ten n a l  
m o rp h o lo g ica l  f e a t u r e ,  or o l f a c t o r y  h a i r ,  c o n t a i n i n g  one  
or more s e n s e  c e l l s ) ,  and c o n c lu d in g  w ith  i n a c t i v a t i o n  o f  
t h e  s t i m u l a n t  m o le c u le  and i t s  removal from t h e  r e c e p t o r .  
Thus, i n  a d d i t i o n  t o  r e c e p t o r  " f i t " ,  r a t e s  o f  such  
p r o c e s s e s  a s  d i f f u s i o n  through a p r o t e i n a c e o u s  c o a t i n g  on 
t h e  s e n s i l l u m ,  p e n e t r a t i o n  from an outer  l i p o p h i l i c  phase  
t o  an in n er  h y d r o p h i l i c  o ne ,  enzym atic  m etabol ism  o f  t h e  
s t i m u l a n t  m o le c u le ,  and p robab ly  o th e r  p r o c e s s e s ,  i n ­
f l u e n c e  t h e  o v e r a l l  p r o c e s s  o f  p e r c e p t i o n .  N ever ther  l e s s ,  
an i n t e r g r a l  p a r t  o f  t h e  seq u en ce  o f  e v e n t s  i s  t h e  b in d in g  
on i n s e c t  a n te n n a e ,  which g e n e r a l l y  r e q u i r e s  on t h e  part  
o f  t h e  s t i m u l a n t  m o le c u le  one (and probab ly  som etim es  
more) f u n c t i o n a l  group and a l s o  a more or l e s s  s p e c i f i c
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viz* and sh a p e .
Th* s i m p l a s t  mechanism o f  pheromone p e r c e p t i o n  i s  
a p p a r e n t ly  t h a t  e x e m p l i f i e d  by t h e  r e s p o n s e s  o f  t h e  
si lkworm moth Bombyx mori (L in n aeu s)  t o  i t s  s e x  
pheromone, bombykol. Response  t o  s e x  pheromone can in  
g e n e r a l  be  measured in  t h r e e  waysa
1. B e h a v io ra l  r e sp o n ses  i n c l u d i n g  t h e  i n s e c t ’ s  f o l l o w i n g  
a plume o f  pheromone in  moving a i r ,  a s  w e l l  a s  t h e  d i s p l a y  
o f  c h a r a c t e r i s t i c  p r e - c o p u l a t o r y  b e h a v io r .
2 .  Antennal r e s p o n s e  i n  t h e  form o f  an e le c tr o a n te n n o g r a m ,  
measuring t h e  t o t a l  e l e c t r o c h e m i c a l  p o t e n t i a l  g e n e r a t e d  by 
whatever r e c e p t o r  s i t e s  a r e  b e in g  s t i m u l a t e d  on t h e  whole  
a n t e n n a .22
3 .  S i n g l e  o l f a c t o r y  c e l l  r e s p o n s e  measured e l e c t r i c a l l y  
u s in g  m i c r o e l e c t r o d e s . 3:3
In t h e  c a s e  o f  B. mori t h e r e  a r e  a p p a r e n t ly  r e c e p t o r s  
for bombykol which respond most s t r o n g  t o  bomkykol i t s e l f  
and l e s s  s t r o n g l y  t o  m o l e c u l e s  hav ing  even  a minor 
s t r u c t u r a l  v a r i a t i o n  from t h a t  o f  bomkykol. Bomkykol and 
i t s  a n a l o g s  a r e  a l s o  not  g i v i n g  any a p p r e c i a b l e  
s t i m u l a t i o n  t o  nonpheromone, or odor g e n e r a l i s t ,  r e c e p t o r  
s i t e s  on t h e  antenn a .  T hese  c o n c l u s i o n s  a r i s e  from t h e  
f a c t  t h a t  bomkykol and a s e r i e s  o f  a n a l o g s  e l i c i t  t h e  same 
r e l a t i v e  r e s p o n s e s  r e g a r d l e s s  o f  which o f  t h e  t h r e e  means 
o f  measuring r e s p o n s e  i s  e m p lo y e d .20 R e s u l t s  o f  t h i s  
kind l e d  t o  t h e  c o n c l u s i o n  t h a t  B. mori employs o n ly  a
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s i n g l e  compound i n t e r a c t i n g  a t  a s i n g l e  kind o f  r e c e p t o r  
a s  i t s  c o m p le te  s e x  a t t r a c t a n t  t h a t  t h e  fem ale  e m i t s  a 
second  pheromone component which s p e c i f i c a l l y  s t i m u l a t e s  a 
second  kind o f  o l f a c t o r y  c e l l  o f  t h e  male m oth .a*
S e v e r a l  c o m p l ic a te d  s t i m u l u s - r e s p o n s e  mechanisms  
o p e r a te  in  some i n s e c t s .  Sometimes t h e  s e x  pheromone 
i s  a t w o - ,  or even a mult icomponent m ix tu r e  o f  
compounds, which a r e  u s u a l l y  c h e m i c a l l y  c l o s e l y  r e l a t e d .  
The redbanded l e a f r o l l e r ,  A r g y r o ta e n ia  v e l u t i n a n a  
(W alker) ,  employs Z- and E - l 1 - t e t r a d e c e n y l  a c e t a t e s ,  and 
male s e x u a l  a t t r a c t i o n  i s  s t r o n g l y  dependent on t h e  r a t i o  
o f  g e o m e tr ic  i s o m e r s . a s  E l e c t r i c a l  r e s p o n s e s  o f  s i n g l e  
o l f a c t o r y  r e c e p to r  neurons  o f  male A. v e l u t i n a n a  have  
been e l i c i t e d  by t h e  a c e t a t e s  above ,  a s  w e l l  a s  s i x  o ther  
r e l a t e d ,  b e h a v i o r a l l y  a c t i v e  compounds. a® Response  
f r e q u e n c i e s  t o  equal  c o n c e n t r a t i o n s  o f  each o f  t h e  
compounds, and a l s o  changes  in  r e s p o n s e  freq u en cy  with  
i n c r e a s i n g  amounts o f  any one compound, v a r i e d  from 
r e c e p to r  t o  r e c e p t o r .  I t  i s  co nc lu ded  t h a t  t h e r e  must be  
at  l e a s t  two, and probab ly  more, f u n c t i o n a l l y  d i f f e r e n t  
kin d s  o f  r e c e p to r  s i t e s  for each o f  t h e  two o l f a c t o r y  
n e u r o n s ' in  each s e n s i l l u m .  In a d d i t i o n  t o  t h e  d i f f e r e n c e s  
in. q u a n t i t a t i v e  r e s p o n s e s ,  t h e  range  o f  compounds which  
e l i c i t  r e s p o n s e s  from A. v e l u t i n a n a  neurons  v a r i e s  from 
one neuron t o  t h e  n ex t  ( in  c o n t r a s t  t o  B. m o r i ) .  
Furthermore,  a range  o f  compounds may e l i c i t  s t r o n g l y
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e x c i t a t o r y  r e s p o n s e s .  More r e c e n t  work has  dem onstrated  
a g a in  t h a t  t h e r e  a r e  a t  l e a s t  two r e c e p t o r s  on redbanded
l e a f r o l l e r  a n te n n a e ,  and a l s o  t h a t  t h e y  e x h i b i t
s t e r e o s p e c i f i c i t y  in  t h e i r  b in d in g  o f  t h e  s e p a r a t e  
e n a n t io m e r s  o f  a c h i r a l  pheromone a n a l o g . 37 C l e a r l y  
t h e  s i t u a t i o n  i s  much more complex w i th  t h e  redbanded  
l e a f r o l l e r  than i t  i s  w ith  t h e  s i lkworm moth.
In a number o f  i n s e c t  s p e c i e s  i t  has  become c l e a r
t h a t  t h e r e  i s  an a b i l i t y  t o  d i s t i n g u i s h  a spectrum  o f
o d o r s  on s o - c a l l e d  odor g e n e r a l i s t s  c e l l s .  A most 
i n t e r e s t i n g  and c l a s s i c a l  s t u d y 33 i s  t h a t  o f  von F r i s c h  
on t h e  c o n d i t i o n i n g  o f  worker b e e s  t o  respond  
s p e c i f i c a l l y  t o  s e v e r a l  d i f f e r e n t  u n r e l a t e d  compounds.  
More r e c e n t  work39 has  d e f i n e d  a t  l e a s t  t e n  s e p a r a t e  
c e l l  t y p e s  in  t h e  honey b e e ,  which a l lo w  a wide range  o f  
odor d i s c r i m i n a t i o n .  C l e a r l y ,  i f  i n s e c t s  in  g e n e r a l  have  
a h i g h l y  d e v e lo p ed  s e n s e  o f  o l f a c t i o n ,  then  t h e  t h r e e  
measures  o f  r e s p o n s e s  t o  pheromone r e f e r r e d  t o  e a r l i e r  
may be l o o k in g  a t  q u i t e  d i f f e r e n t  p r o c e s s e s .
S p e c i f i c a l l y ,  t h e  b e h a v io r a l  and/or  t h e  whole  an ten n a l  
r e s p o n s e  may be a r i s i n g  due t o  s t i m u l a t i o n  o f  s e v e r a l  
d i f f e r e n t  k in d s  o f  r e c e p to r  s i t e s .  Indeed,  b e h a v io r  may 
very  w e l l  be t h e  r e s u l t  o f  i n t e g r a t i o n  by t h e  i n s e c t ' s  
ne r v o u s  sy s tem  o f  more than one c u e .  For i n s t a n c e ,  t h e r e  
may be a p r i n c i p a l  cue  for s t i m u l a t i n g  s e x u a l  r e s p o n s e  
which depends on a c t i v a t i o n  o f  t h e  s p e c i f i c  pheromone-
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s e n s i n g  c s l l s ,  but t h e  r e s p o n s e  may be m o d i f i e d  by o th e r  
o l f a c t o r y  c u e s  b e in g  r e c e i v e d  s t i m u l t a n e o u s l y .  Indeed ,  be­
h a v i o r a l  r e s p o n s e  d o e s  depend on a v a r i e t y  o f  f a c t o r s  in  
a d d i t i o n  t o  t h e  p r e s e n c e  o f  pheromone, and t h e s e  i n c l u d e  
t im e  o f  day,  l i g h t  i n t e n s i t y  and age  o f  i n s e c t . 30 S i n c e  
seco n d a ry  c u e s  a r e  im p o r ta n t ,  i t  i s  not u n r e a s o n a b le  t o  
p ro p o se  t h a t  some o f  t h e  se con d ary  c u e s  may be o l f a c t o r y .  
In some s p e c i e s  i n v e s t i g a t i o n s  have r e v e a l e d  t h a t  t h e r e  
a r e  s y n e r g i s t s  which a r e  i n e f f e c t i v e  a t  e l i c i t i n g  a 
s i g n i f i c a n t  b e h a v io r a l  r e s p o n s e  t h e m s e l v e s ,  but which  
g i v e  r i s e  t o  an augmented r e s p o n s e ,  measured 
b e h a v i o r a l l y 3 3 *31 when p r e s e n t e d  t o  t h e  i n s e c t  a lo n g  
w ith  pheromone. In some c a s e s ,  t h e  s y n e r g i s t s  a r e  c l e a r l y  
not components o f  t h e  n a t u r a l  pheromone.
One o f  t h e  most thorough p u b l i s h e d  s t u d i e s  o f  
pheromone s y n e r g i s t s  (and i n h i b i t o r s )  i s  t h a t  o f  R o e l o f s  
and Comeau33 who found a number o f  s y n e r g i s t s  for  t h e  
redbanded l e a f r o l l e r  by b a i t i n g  t r a p s  w ith
Z - l 1 - t e t r a d e c e n y l  a c e t a t e  and c o n g e n e r s .  I t  i s
u n r e a so n a b le  t o  suppose  t h a t  a l l  o f  t h e  compounds found 
t o  be s y n e r g i s t s  in  t h a t  s tu d y  a r e  produced in  t h e  fem ale  
pheromone g la n d .  With o th e r  s p e c i e s ,  minor components o f  
t h e  m ix ture  o f  compounds in  t h e  s e x  g land g i v e  r i s e  t o  
enhanced r e s p o n s e  when mixed w ith  t h e  major pheromone  
com ponent .33 Whether t h e s e  minor components sh o u ld  be  
c a l l e d  s y n e r g i s t s ,  or whether t h e  m ixture  o f  compounds
16
sh o u ld  be r e f e r r e d  t o  a s  a m ult i -com ponent  pheromone  
system is  perhaps a matter o f  s e m a n t i c s .
In a d d i t i o n  t o  s y n e r g i s t s ,  pheromone i n h i b i t o r s  
a l s o  e x i s t .  In some c a s e s  i t  app ears  t h a t  t h e  i n h i b i t o r  i s  
i n t e r a c t i n g  w i th  t h e  same r e c e p t o r  t h a t  b i n d s  t h e  
phBromonea a ’ a“ and in  o th e r  c a s e  d i f f e r e n t  r e c e p t o r s  a r e  
i n v o l  v e d . 991 The mechanism o f  i n h i b i t i o n  may i n v o l v e  one  
o f  t h e  f o l l o w i n g :
1. p r e f e r e n t i a l  b in d in g  o f  t h e  i n h i b i t o r  a t  t h e  
pheromone r e c e p t o r  s i t e  and f a i l u r e  o f  bound i n h i b i t o r  
t o  g i v e  t h e  a p p r o p r ia t e  e l e c t r o p h y s i o l o g i c a l  r e s p o n s e .
2 .  i n h i b i t o r  i s  bound a t  l e a s t  c o m p e t i t i v e l y  with  
pheromone a t  t h e  pheromone r e c e p t o r  s i t e  but i n h i b i t o r  
i s  not  r e a d i l y  r e l e a s e d ,  g i v i n g  r i s e  t o  ra p id  s a t u r a t i o n  
o f  t h e  r e c e p t o r  s i t e s .
3 .  i n h i b i t o r  i s  bound a t  a s e p a r a t e  r e c e p t o r  s i t e ,  
and r e s p o n s e  i t  e l i c i t s  o v e r r i d e s  t h a t  o f  pheromone.
U nderstand ing  o f  t h e  n a t u r e  o f  t h e  phenomenon o f  
i n h i b i t i o n ,  sy n er g ism ,  and indeed  o f  primary pheromone  
p e r c e p t i o n  i t s e l f ,  i s  b e in g  handicapped by t h e  fragmen­
t a r y  n a t u r e  o f  much o f  t h e  r e s e a r c h  in  t h e  a r e a .  
I t  h a s  f i n a l l y  become c l e a r  t h a t  t h e  d e t a i l e d  mechanism o f  
p e r c e p t i o n  can vary  from one i n s e c t  s p e c i e s  t o  a n o th e r .  
Q uite  p r o p e r l y ,  much o f  t h e  r e s e a r c h  up t o  t h i s  t im e  has  
been aimed a t  c h a r a c t e r i z a t i o n  o f  t h e  pheromonal 
compounds for  a wide v a r i e t y  o f  i n s e c t s .  O b s e r v a t io n s
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t h a t  would h e lp  d e f i n e  t h e  c h e m is tr y  and p h y s i o l o g y  o f  
pharomona p a r c a p t io n  have baen much l e s s  common. Much 
p u b l i s h e d  r e s e a r c h  h a s  used o n ly  one means o f  b i o l o g i c a l  
a s s a y ,  most f r e q u e n t l y  e i t h e r  a b e h a v io r a l  one or an 
a lac tro a n ta n n o gram .  C onfus ion  has  som etim es  a r i s e n  due t o  
t h e  la c k  o f  c o r r e l a t i o n  between r e s p o n s e  t o  a g iv e n  
s t i m u l t a n t  when t h e  r e s p o n s e  a r e  measured in  d i f f e r e n t  
ways. Indeed ,  o n l y  w ith  B. mori a has  f a i r l y  l a r g e  body o f  
work i n v o l v i n g  measurement o f  s i n g l e  c e l l  r e s p o n s e s  a t  
h i g h l y  s p e c i f i c  o l f a c t o r y  c e l l s  p u b l i s h e d .  I t  i s  not  c l e a r  
whether t h e  r e l a t i v e l y  s im p le  mechanism o p e r a t i n g  in  
B. mori i s  a commom one in  i n s e c t s ,  or whether t h e  com­
p l e x i t i e s  o f  t h e  A. v e l u t i n a n a  sys tem  r e p r e s e n t  a more 
t y p i c a l  s i t u a t i o n .
In our r a sa a rc h  group,  we a re  i n t e r e s t e d  in  
s y n t h e s i z i n g  t h e  a n a l o g s  o f  n a tu r a l  pheromones.  The 
pharomona a n a l o g s  have s t r u c t u r e s  which vary from th a t  
o f  t h e  n a tu r a l  pheromone in  s y s t e m a t i c  ways t o  a l l o w  
a sses sm e n t  o f  t h e  c o n fo rm a t io n ,  a s  w e l l  a s  t h e  e l e c t r o n i c  
p r o p e r t i e s ,  o f  t h e  r e c e p t o r  s i t e .  The compounds t o  be 
a ssa y ed  a r e  d e s ig n e d  t o  a f f o r d  in fo r m a t io n  about t h e  mole­
c u la r  co n fo rm a t io n  and f u n c t i o n a l i t y  r e q u ir e d  t o  bind at  
t h e  r e c e p t o r  s i t e ,  a s  w a l l  a s  g e n e r a l  c h a r a c t e r i s t i c s  such  
a s  p o l a r i t y  and l i p o p h i l i c i t y .  The s tu d y  w i l l  c o n c e n t r a t e  
on t h a  cabbage l o o p e r ,  T r i c h o p l u s i a  ni  CHuebner) which i s  
an e c o n o m ic a l ly  important p e s t  in  t h e  l o c a l  a rea  a s  w e l l
1ti
a s  n a t i o n w i d e .  A d d i t i o n a l l y ,  t h i s  s p e c i e s  has  been  
cho osen  fo r  c o n c e n t r a t i o n  b e c a u s e  i t  i s  a s p e c i e s  w i th  a 
w e l l -  c h a r a c t e r i z e d  s e x  pheromone w ith  one  main componentf 
Z -7 -d o d e c e n y l  a c e t a t e  C103, i d e n t i f i e d  some t im e  a g o . 3*
CIOJ ft  -  Cl,] R = ft
Adult  male cabbage  l o o p e r s  respond  w e l l  b e h a v i o r a l l y  t o  
C101 a l o n e 3*'**0 and much l e s s  a c t i v e l y  t o  a number o f  
c l o s e l y  r e l a t e d  compounds.3 ^''*1 The a l c o h o l  c o r r e sp o n d ­
in g  t o  t h e  a c e t a t e *  Z - 7 - d o d e c e n - l - o l  C l l l*  has  been  
c h a r a c t e r i z e d  a s  an i n h i b i t o r , 33** i n  t h a t  i t  p r e v e n t s  
male moths o f  T. ni  from o r i e n t i n g  t o  a l o c u s  o f  evapor-i  
a t i n g  C10D. However* p e r c e p t i o n  o f  C103 i s  not  b lock ed  
by C l l l*  s i n c e  m ales  s t i l l  show e x c i t e d  upwind f l i g h t  
when e x p o se d  t o  C10+111, and p r e - e x p o s u r e  t o  C113 d o e s  
not  c a u s e  f a t i g u e  o f  t h e  male r e s p o n s e  t o  C101. The mor­
p h o lo g y  o f  t h e  T. ni  an ten n a e  h a s  been d e s c r i b e d  in  some 
d e t a i l * 1*3 and t h e r e  a r e  s e v e r a l  k in d s  o f  s e n s o r y  s e n -  
s i l l a .  By fa r  t h e  most numerous a r e  t h e  s e n s i l l a  t r i -  
chodea* which a r e  assumed t o  be t h e  p r i n c i p a l  o l f a c t o r y  
s e n s o r s .  Of t h e  3 t o  4 neurons  a s s o c i a t e d  w ith  a s e n ­
s i l l u m  trichodeum* i t  i s  r e p o r t e d  t h a t  one r esp o n d s
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e l e c t r o p h y s i o l o g i c a l l y  t o  C103 and a n o th er  r e s p o n d s  t o  
C113 r w i t h  no apparent  p e r i p h e r a l  i n t e r a c t i o n . * *  
Thus, t h e r e  a pp ears  t o  be  i n  T. n i  a h i g h l y  s p e c i f i c  
pheromone r e c e p t o r ,  t h e  r e s p o n s e  o f  which t o  pheromone  
a n a l o g s  can be measured i n  a s i n g l e  c e l l  e x p e r im e n t .  
I n t e r e s t i n g l y ,  in  an e le c t r o a n t e n n o g r a m  e x p e r im e n t ,  no  
d i f f e r e n c e  c o u ld  be d i s c e r n e d  between C103 and C l l l . * 3  
Again ,  t h e  p o i n t  sh o u ld  be  emphasized  t h a t  s i n g l e  mea­
s u r e s  o f  r e s p o n s i v e n e s s  a r e  in a d e q u a t e  t o  c h a r a c t e r i z e  
t h e  pheromone s y s t e m .  Indeed ,  even  in  measurements o f  
s i n g l e  c e l l  r e s p o n s e s ,  more than one parameter  may by 
measured.  The a m p l i tu d e  o f  t h e  s a t u r a t e d  c e l l  r e s p o n s e  
d o e s  n o t  show t h e  same dependence  on m o lec u la r  s t r u c t u r e  
o f  t h e  s t i m u l a t i n g  odor a s  t h e  h a l f - t i m e  for  d e c l i n e  o f  
t h e  p o t e n t i a l  s h o w s .**
The r e s e a r c h  i n  t h i s  d i s s e r t a t i o n  w i l l  f o c u s  on 
t h e  s y n t h e s i s  o f  t h e  c y c l i c  a n a l o g s  C12-153 o f  t h e  p r i n c i ­
pal  c o n s t i t u e n t  o f  t h e  cabbage  l o o p e r  s e x  a t t r a c t a n t  phe­
romone C103. C y c l i c  a n a l o g s  o f  t h e  n a t u r a l  pheromone w i l l  
have p a r t i a l l y  f i x e d  c o n f o r m a t i o n s ,  whereas  t h e  s t r a i g h t -  
c h a in  n a t u r a l  pheromone i s  more f l e x i b l e  and can adopt
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numerous c o n f o r m a t i o n s .  The c y c l i c  compound which b e s t  
mimics t h e  a c t i o n  o f  t h e  n a t u r a l  pheromone presum able  has  
a c o n fo r m a t io n  s i m i l a r  t o  t h a t  which t h e  pheromone  
a d o p ts  when bound t o  t h e  r e c e p t o r  s i t e .  I t  has  been  
reported*47 t h a t  m ales  o f  O s t r i n i a  n u b i l a l i s  (Huebner) ,  
t h e  European corn b o r e r , respond  in  p r e c o p u l a t o r y  
b e h a v io r  t o  t h e  u n sa tu r a te d  c y c l i c  pheromone a na lo g  C161, 
a s  w e l l  a s  t h e y  do t o  t h e  pheromone C171. There have  not  
been r e p o r t s  o f  t h e  t e s t i n g  o f  c y c l i c  a n a lo g  such a s  
C13—151.
e n e r g i e s  o f  p a r t i a l  s t r u c t u r e s  o f  E13-151  were c a l c u l a t e d  
u s i n g  f o r c e  f i e l d  (MM2) in  order  t o  d e f i n e  a s  c l e a r l y  a s  
p o s s i b l e  t h e  s t e r e o c h e m i c a l  d i f f e r e n c e s  between t h e  acy ­
c l i c  pheromone i t s e l f  and t h e  c y c l i c  a n a l o g s .
In a d d i t i o n  t o  t h e  s y n t h e t i c  work* c o n fo r m a t io n a l
C/63 c m
CHAPTER III RESULT AND DISCUSSION.
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I. OUTLINE OF RESULT AND DISCUSSION OF 5-MEMBERED RINGi
1. I n t r o d u c t i o n i
As p r e v i o u s l y  m entioned ,  pheromonal s t u d i e s  in  t h i s  
d i s s e r t a t i o n  i n v o l v e  t h e  p r e p a r a t io n  o f  c y c l i c  a n a l o g s  o f  
n a tu r a l  pheromones such a s  C1 8 - 2 1 3i
The %s y n t h e t i c  pathways i n v o l v e  s u i t a b l y  f u n c t i o n a l i z e d
s i o n s  o f  t h e  ke to n e  f u n c t i o n a l  group t o  a lk e n e  or a lk a n e  
have been u t i l i z e d .  T h is  i n t r o d u c t i o n  s e c t i o n  w i l l  r e v ie w  
methods t o  make <x , / 3 - d i a l k y l c y c l o p e n t a n o n e s ,  t h e  key i n ­
t e r m e d i a t e  in  t h i s  c h a p t e r .  The p r e p a r a t io n  o f  ex , - d i ­
a l  ky leye  1ohexanones  w i l l  be c o n s i d e r e d  l a t e r .  The g e n e r a l  
p r o c e s s  i s  shown in Scheme 1,
S i n c e  s i l y l  enol  e t h e r s  w i l l  p la y  an im portant  r o l e  in
[19]
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f i v e -  and six-membered r in g s }  namely, ^  - d i a l k y l e y e  1o
p en ta n o n e s  and <X , f t  - d i a l k y l e y e  1o h exanon es .  Later  conver  
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t h e  c o n v e r s i o n  o f  t h e  k e to n e  f u n c t i o n a l  group in  t h e  e* , ft 
d i a l k y l e y e l o a l k a n o n e s  (Scheme 1) t o  t h e  a l k e n e ,  and w i l l  be 
used in  many o f  t h e  schemes t o  be d e s c r i b e d ,  t h e i r  a p p l i ­
c a t i o n s  in  o r g a n ic  s y n t h e s e s  are  a l s o  c i t e d  h e r e .
Scheme 1.
R i“ - (CHa)s-OAc|  R3" Et for n » l |  Me for n«2
2 .  A p p l i c a t i o n  o f  s i l y l  enol  e t h e r s  in  s y n t h e s i s ;
T r i m e t h y l s i l y l  eno l  e t h e r s  have become e x tr e m e ly  
important i n t e r m e d i a t e s  in  s y n t h e t i c  c h e m i s t r y  for  t h e  r e -  
g i o s p e c i f i c  g e n e r a t i o n  o f  e n o l a t e s  t o  be used in  d i r e c t e d  
a ld o l  c o n d e n s a t i o n s ,  t h e  p r o d u c t io n  o f  c< - s u b s t i t u t e d  
carbonyl  d e r i v a t i v e s ,  t h e  p r e p a r a t io n  o f  c y c l i c  a lk e n e s  
v i a  h y d r o b o r a t i o n - e l i m i  n a t i o n ,  and in  many thermal and 
ph o to ch em ica l  c y c l o a d d i t i o n  r e a c t i o n s . -*"
S i l y l  en o l  e t h e r s  a re  v e ry  u s e f u l  for t h e  p r e p a r a t io n  
o f  c < - s u b s t i t u t e d  carbonyl  compounds, and t h e y  have found 
a number o f  o th e r  u s e s  in  o r g a n ic  s y n t h e s i s  a s  w e l l .  
Their f i r s t  a p p l i c a t i o n s  in  s y n t h e s i s  were a s  p r e c u r s o r s  
t o  e n o l a t e  a n i o n s ,  i n t e r m e d i a t e s  o f  enormous im portance  
i n  o r g a n ic  c h e m i s t r y .  Treatment o f  t r i m e t h y l  s i  1y l  enol
2 k
e t h e r s  with  MeLi g e n e r a t e s  l i t h i u m  e n o l a t e s ,  and t h e  by­
product  Me*Si i s  v o l a t i l s  and u n r s a c t i v s .  E n o la t e s  have  
a l s o  been g e n e ra ted  by t r e a t i n g  s i l y l  enol  e t h e r s  with  
o th e r  n u c l e o p h i l e s ,  i n c l u d i n g  f l u o r i d e  i o n . * 9
S p e c i f i c  metal e n o l a t e s  a r e  not  a lw ays  a l k y l a t e d  r e -  
g i o s e l a c t i v e l y ,  nor i s  t h e r e  a lw a y s  com p lete  c o n t r o l  over  
t h e  d e g r ee  o f  a l k y l a t i o n .  These d i f f i c u l t i e s  can some­
t i m e s  be overcome u s in g  eno l  d e r i v a t i v e s ,  o f  which s i l y l  
enol  e t h e r s  are  p a r t i c u l a r l y  e f f e c t i v e .  A d i r e c t  a l k y l a ­
t i o n  o f  an e n o l a t e  formed by a c o n j u g a t e  a d d i t i o n  may not  
be i d e a l .  I f  t h e  e n o l a t e  i s  trapped and p u r i f i e d  a s  th e  
s i l y l  enol  e t h e r ,  i t  can be r e g e n e r a t e d  in  a d i f f e r e n t  
medium t o  undergo a r e g i o s e l e c t i v e  a l k y l  a t  i o n .
S i l y l  enol  e t h e r s  have more r e c e n t l y  been found t o  
r e a c t  d i r e c t l y  with a wide v a r i e t y  o f  e l e c t r o p h i 1 i c  r e a ­
g e n t s ,  y i e l d i n g  a v a r i e t y  o f  ©<- s u b s t i t u t e d  carbonyl  
compounds. In most c a s e  s t u d i e d ,  t h e s e  r e a c t i o n s  have  
been found t o  be r e g i o s p e c i f i c .
C y c l i c  en o l  e t h e r s  r e a d i l y  undergo h y d r o b o r a t io n -  
e l i m i n a t i o n  upon trea tm en t  o f  t h e  i n t e r m e d i a t e  organobo-  
rane  w ith  an a c i d i c  c a t a l y s t  t o  p r o v id e  c y c l i c  a lk e n e s .* ®  
S i l y l  enol  e t h e r s  o f  k e t o n e s  are  commonly prepared  
from e n o l a t e  a n io n s  by trea tm en t  w ith  s i l y l a t i n g  a g e n t s  
such a s  MeaSiCl. S i l y l  enol  e t h e r s  o f  e s t e r s  and amides  
may sometimes be prepared by s i l y l a t i o n  o f  t h e  e n o l a t e s i  
however, in  some c a s e s  s i l y l a t i o n  t a k e s  p l a c e  at carbon,
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depending on s u b e t r a t e ,  a i l y l a t i n g  a g e n t ,  and r e a c t i o n  
c o n d i t  io n a .  **'s’
Trimethyl  a i l y l  anol  a th a r a  are  a l a o  commonly prepa­
red from k e t o n e s  and a ld e h y d e s  by tre a tm en t  w ith  Me=»SiCl 
and EtaN in  DMF Cor M aaSiCl/EtaN /ZnCla) . Thia procadura  
g iv a a  pradom in ant ly  th a  mora a t a b l a  iaomar from an unsym-  
m a tr ic a l  katona.  "K inet ic"  a i l y l  anol a th a r a  a r e  vary  
a a l a c t i v a l y  formad from katonaa by uaing  f i r a t  l i t h i u m  
d i ia o p r o p y la m id a  (LDA) t o  g a n a r a ta  th a  l i t h i u m  e n o l a t e  
and then  O - s i l y l a t i n g  w ith  MeaSiCl.
3 .  Review o f  t h e  p r e p a r a t io n  o f  c< , (6 - d i  a l k y l  eye l o -  
p a n tanon a i
a. General s t r a t e g y !
Norm ally ,  c y c lo p e n ta n o n e a  are  d i f f i c u l t  t o  a l k y l a ­
t e  s p e c i f i c a l l y  at  t h e  - p o s i t i o n  b e c a u se  o f  t h e  r e l a t i v e  
e a s e  o f  e n o l i z a t i o n ,  a ld o l  c o n d e n s a t i o n , =so O - a l k y l a t i o n  
in  p l a c e  o f  C - a l k y l a t i o n , and p o l y a l k y 1 a t i o n , a s  w e l l  a s  
t h e  fact-  t h a t  a s p e c i f i c  e n o l a t e  may not be a l k y l a t e d  r e -  
g i o s p e c i f i c a l l y . S1 Because  o f  t h e s e  problems t h e  a l k y l -  
a t i o n  o f  c y c lo p e n t a n o n e s  i s  r a r e l y  done by t h e  most 
o b v io u s  methods t r e a t i n g  t h e  carbonyl  compound w ith  b a se  
and an a l k y l  h a l i d e . ass The t r a d i t i o n a l  s o l u t i o n  t o  t h i s  
problem i s  t o  u s e  ^  - d i c a r b o n y l  compounds, which a r e  l e s s  
apt t o  g i v e  p o l y a l k y l a t i o n ,  and which a l k y l a t e  s p e c i f i c a ­
l l y  between t h e  two carbonyl  groups .  More r e c e n t l y ,  S t o r k ,  
having  found enamines a u s e f u l  but l i m i t e d  a l t e r n a t i v e  t o
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e n o l a t e s ,  d i s c o v e r e d  th a t  l i t h i u m  e n o l a t e s  arm much b e t ­
t e r  behaved than sodium or p o ta s s iu m  e n o l a t e s . a=* Lithium  
e n o l a t e s  (but not  sodium or p o ta ss iu m  e n o l a t e s )  can en ­
gage  in  r e a c t i o n s  w ith  carbon e l e c t r o p h i l e s  w ith o u t  l o s s  
o f  r e g i o s p e c i f i c i t y .  E i th e r  sodium or p o ta s s iu m  e n o l a t e s  
l e a d  t o  some p o l y a l k y l a t e d  m a t e r i a l , whereas l i t h iu m  
g i v e s  more m o n o a lk y la t io n .
Although t h e  g en era l  r o u t e s  for t h e  a l k y l a t i o n  
of  c y c lo p e n t a n o n e s  a t  t h e  c*. - p o s i t i o n  v i a  l i t h iu m  
e n o l a t e s  a r e  known, i t  i s  much l e s s  s t r a i g h t f o r w a r d  t o  
i n t r o d u c e  an a d d i t i o n a l  a l k y l  at  t h e  p - p o s i t i o n .  2 -C y-  
c lo p e n t e n o n e s ,  2 - a l k y l - 2 - c y c l o p e n t e n o n e s ,  and 2 , 3 - d i a l k y l -  
2 - c y c l o p e n t e n o n e s  a re  s u i t a b l e  s t a r t i n g  m a t e r i a l s  for  
s y n t h e s i s  o f  c< , - d i a l  k y l c y c l o p e n t a n o n e s .  They a r e  con­
v e r t e d  t o  t h e  c< , ft - d i a l k y l c y c l o p e n t a n o n e s  by c o n j u g a t e  
a d d i t i o n - a l k y l a t i o n , c o n j u g a t e  a d d i t i o n ,  and r e d u c t i o n  o f  
t h e  -C=»C- bond, r e s p e c t i v e l y .  An advantage  o f  t h e s e  con­
v e r s i o n s  i s  s t e r e o c h e m ic a l  c o n t r o l  at  C-2 and C-3 due 
t o  t h e  s t e r e o s p e c i f i c i t y  o f  t h e  r e a c t i o n s  in  p r o v id in g  
predom inan tly  more of  t h e  s t a b l e  t r a n s  i som er ,  which i s  
t h e  n a tu ra l  c o n f i g u r a t i o n  seen  in  1 1 - d e o x y p r o s t a g l a n d i n s ,  
for i n s t a n c e .
b . C l a s s i f i c a t i o n  o f  s y n t h e s i s ;
c*, - D i a l  kyl eye lo p en ta n on e  s y n t h e s e s  may be d i v i ­
ded i n t o  t h r e e  major c l a s s e s :  i .  s y n t h e s i s  in  which 2— 
c y c l o p e n t e n o n e s  are  t h e  p r e c u r s o r s .  i i .  s y n t h e s i s  which
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commences from 2 - a l k y l - 2 - c y c l o p e n t e n o n e s .  i i i .  s y n t h e s i s  
in  which 2 , 3 - d i a l k y l - 2 - c y c l o p e n t e n o n e  i »  used a s  t h e  
s t a r t i n g  m a t e r i a l .  Tha d i s c u s s i o n  bs low  w i l l  f o l l o w  t h i s  
c l a s s i  f i c a t  i o n .
4 .  2 -C y c lo p e n te n o n s  p r e c u r s o r s !  c o n j u g a t e  a d d i t i o n -
a l k y l a t i o n  a p p r o a c h e s .
In 1975, Posner =5‘* and h i s  co -w o rk er s  su cceeded  
in c o n v e r t i n g  2 - c y c l o p e n t e n o n e  d i r e c t l y  i n t o  2 , 3 - d i a l k y l -  
c y c lo p e n t a n o n e s  by d e v e lo p in g  a nu c leoph i  1 ic'  - a l k y l  at ion  
and e l e c t r o p h i 1i c  - a l k y l a t i o n  procedure  in  one pot
(Scheme 2 ) .  However, t h e  o n e -p o t  r e a c t i o n s  from P o s n e r ' s  
methodology a re  o n ly  been p a r t l y  s u c c e s s f u l  due t o  la ck  o f  
r e a c t i v i t y  o f  t h e  r e s u l t a n t  e n o l a t e s  toward a l k y l  h a l i d e s .  
sa  In order  t o  a c com p l ish  t h e  r e a c t i o n ,  s e v e r a l  d e v i c e s  
have been used i  i .  c o n v e r s i o n  o f  t h e  r e s u l t a n t  copper l i ­
thium e n o l a t e  t o  t h e  l i t h i u m  e n o l a t e . 3* i i .  d i r e c t « - a l -  
k y l a t i o n  o f  t h e  l i t h i u m  e n o l a t e  r e s u l t i n g  from t h e  Michael  
a d d i t i o n  o f  a l i t h iu m  s a l t  o f  t h e  p r o t e c t e d  cya n o h y d r in 537' 
( e . g  R—CH"CH-C(CN)(Li) - □ —CH(CHa)-Q-Et t o  e y e l o p e n t - 2 - e n o n e .
i i i .  u s e  o f  formaldehyde a s  an e n o l a t e  ion  tr a p p in g  a g e n t 33
i v .  t h e  d i r e c t  e n o l a t e  ion  tr a p p in g  method with  acy l  h a l i d e  
i n s t e a d  o f  a l k y l  h a l i d e s . 30 In 1976, Toru3'3' and h i s  c o ­
workers r e p o r t e d  t h e  s u c c e s s f u l  t r a p p in g  o f  t h e  e n o l a t e  
ion by c h lo r o c a r b o n a t e  e s t e r  and subsequent  a l k y l a t i o n  t o  








i .  lie<CHa"CH)CuLi , -7B&Cj
i i .  RX where X ■ C l , Brf I and R ■ R i ,  Raf Ra. 
R i -  -CHa-CH“CHa. R=— CH3 -C 0aE t .
Ra* -CHa-CH=CH-Me.
(Scheme 3 ) .  There was no r e p o r t  on s t e r e o i s o m e r  r a t i o s  o f  
C223 or C233 a s  o b ta in e d  by Toru.
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Scheme 3.
Q  K t C O , ,
CO,Me.
f t 'x  . i 
B - (C H J.cqrtei,i. CtCc^M*, *  
THF-rtWPA
i . Li Cu C CaH» D C CH«-CH-CH-CH C OH M C=H m ) ]
i i .  CICOaMe, THF-HMPA. i i i .  KaCOa, A ceto n e ,
i v .  X-<CH=)«i-COaMe. v .  HaO*.
P a t t e r s o n  and F r i e d 55®1 have used MeaSiCl t o  t r a p  an 
e n o l a t e  e f f i c i e n t l y ,  t h e  r e g e n e r a t e d  e n o l a t e  c o u ld  then  be 
a l k y l a t e d  in  a s e p a r a t e  s t e p  (Scheme 4 ) .  Based on s t e r i c
Scheme 4 .
Li C u j  C H j ).
97% ijif-ld SO*/' yic\d
R i°  -CH=-CH»CH(CH=)aCOaR.
c o n s i d e r a t i o n s  t h e  approach was e x p e c t e d  t o  g i v e  C243 
with  a t r a n s  s t e r e o c h e m i c a l  r e l a t i o n s h i p  a t  ca rb o n s  2 and
3. For t h a t  reaso n  t h e  a u th o r s  assumed t h e i r  product  t o  
be t h e  t r a n s  i som er.
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In 1981, Noyori*10 d e v i s e d  a o n e -p o t  p r o ced u re  for  
< ^ - a l k o x y a l k y l a t i o n  o f  2 - c y c l o p e n t e n o n e s  which in  combina­
t i o n  w i th  an organocopper a d d i t i o n  r e a c t i o n  p r o v i d e s  a new 
t o o l  for v i c i n a l  s u b s t i t u t i o n  o f  carbon groups  on e n o n e s .  
The method was based on t h e  e f f i c i e n t  c o n j u g a t e  a d d i t i o n  
o f  a phenyl  s i l y l  s e l e n i d e  t o  ©< ,(?- u n s a t u r a t e d  k e t o n e s  and 
t h e  a l d o l - t y p e  r e a c t i o n  o f  eno l  s i l y l  e t h e r s  w ith  a c e t a l s  
or o r th o  e s t e r s  (both c a t a l y z e d  by t r i m e t h y l s i l y l  t r i f l u o -  
r o m e t h a n e s u l f o n a t e  (TMSOTf). The s e l e n i d e s  can be o x i d i z e d  








In 1982, Tamura61 and h i s  cow orkers  d e s c r i b e d  con­
j u g a t e  a d d i t i o n  o f  k e te n e  s i l y l  a c e t a l s  t o  c< , ^  - u n s a t u r a t
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ed carb on y l  compounds in  a c e t o n i t r i l e  t o  g i v e  a q u a n t i t a ­
t i v e  y i e l d  o f  t h e  c o r r e sp o n d in g  m e t h y l ( 3 - t r i a l k y l - s i l o x y a l  
k - 2 - e n y l ) a c e t a t e s .  Subsequent s i t e - s p e c i f i c  e l e c t r o p h i 1i c  
s u b s t i t u t i o n  y i e l d e d  t h e  c o r r e s p o n d in g  2 - s u b s t i t u t e d  3-Cal  
k o x y c a r b o n y lm e t h y l ) a lk a n o n e s  (Scheme 6 ) .  The c i s / t r a n s  
m i x t u r e s  o f  C251 and [261 were s e p a r a t e l y  hea ted  in  EtaN 
t o  produce  m a t e r ia l  e n r ic h e d  in  t h e  t r a n s  isomer ( g . l . c .  
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In 1985, N e g i s h i * 2 and Luo d e v e lo p ed  a h i g h l y  s t e ­
r e o -  and r e g i o s e l e c t i v e  s y n t h e s i s  o f  t r a n s  2 - a l l y l - 3 - a l ken 
y l c y c l o p e n t a n o n e s  C271 (907. g . l . c  p u r i t y )  v i a  P d - c a t a l y z e d  
r e a c t i o n  o f  b o r a t e  s a l t s  o f  l i t h i u m  e y e l o p e n t e n o l a t e s  w ith
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( Z ) - a l l y l i c  a c e t a t e s ,  which promised t o  p r o v id e  a s o l u t i o n  
t o  most o f  t h e  f o l l o w i n g  problem s!  i . l o w  product  y i e l d s  in  
p a rt  due t o  l o s s  o f  a l l y l  s t e r e o c h e m i s t r y  and o f  r i n g  r e g -  
i o c h e m i s t r y ,  i i .  t h e  requirem ent  for  an e x c e s s ,  t y p i c a l l y  
a t h r e e - t o  f i v e - f o l d  e x c e s s ,  o f  l a b i l e  ( Z ) - a l l y l i c  i o d i d e s  
or brom ides  (Scheme 7 ) .
Scheme 7.
b, L i ' t C w ( C H s  C H , ) XC N  
• i .  M t j S i C I  
i i i  . o i  & u L i
S. 2 - A l k y l - 2 - c y c l o p e n t e n o n e  p r e c u r s o r s !  c o n j u g a t e  
1 , 4 - a d d i t i o n  a p p r o a c h e s :
2 - A l k y l - 2 - c y c l o p e n t e n o n e s  a r e ,  in  g e n e r a l ,  u s e f u l  
s t a r t i n g  m a t e r i a l s  in  t h e  s y n t h e s i s  o f  t h e  p r o s t a g l a n d i n  
assem b ly  v i a  c o n j u g a t e  a d d i t i o n  o f  o r g a n o m e ta l1 i c  d e r i v ­
a t i v e s .  *,:3 The 2 - a l k y l - 2 - c y c l o p e n te n o n e s  can be prepared  
from e n e d i o l - b i s - t r i m e t h y l s i l y l  e t h e r ,  furanone,  c y c l o p e n -
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t a n o i c  acid', I , 4 - d i k e t o n e s  and ^ - d i c a r b o n y l  compounds, as  
d e s c r i b e d  in  t h e  f o l l o w i n g  para g ra p h s .
Wakamatsu** and h i s  c o -w o r k e r s  have dem onstra ted  a 
new s i m p l e  p r e p a r a t i o n  o f  2 - a l k y l c y c l o p e n t a n o n e s  by c o n ­
v e r t i n g  an e n e d i o l - b i s - t r i m e t h y l s i l y l  e th e r  i n t o  i t s  1 , 2 -  
e n e - d i o l a t e ,  which was fo l lo w e d  by a l k y l a t i o n  and dehydra­
t i o n  a s  shown in  Scheme B.
Scheme 8 .
*  r




Kuwajima and h i s  c o -w o r k e r s  fcSS have employed an 
a l d o l - t y p e  c o u p l in g  o f  a c e t a l s  w ith  e n e d i o l - b i s - t r i m e t h y l  
s i l y l  e th e r  in  t h e  p r e s e n c e  o f  BFa.EtaO c a t a l y s t .  Acid  
c a t a l y z e d  r in g  e x p a n s io n  r e a c t i o n s  o f  c y c l o b u t a n e  d e r i v a t i  
v e s  b e a r in g  a v i c i n a l  s u s t i t u t e d  d i o l  group gave  ck  - v i n y l  

















An e f f i c i e n t  s y n t h e s i s  o f  2 - s u b s t i t u t e d c y c l o p e n t e n o n e s  
was r e p o r t e d  by Baldwin and B lo m q u is t .  “  Key r e a c t i o n s
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35
su bseq u en t  c o n v e r s i o n  t o  th e  eye 1o p e n te n o n e s  by Barton o x ­
i d a t i v e  f r a g m e n ta t io n  (Scheme 10) .
B a r r e i r o  and Gomes have used an abundant c y c l o -  
p e n t e n - c o n t a i n i n g  n a tu ra l  product  t o  s y n t h e s i z e  2- a l k y l -  
c y c 1o p en te n o n e .  (Scheme 11 ) .
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Ikan and David &a have d e s c r i b e d  e f f i c i e n t  f i v e -  
s t e p  and s e v e n —s t e p  s y n t h e s e s  o f  o^f - d i a l k y l c y c l o p e n t a n o ­
n e s .  The p r e cu rso r  in  t h e  s y n t h e t i c  scheme was 2 - c a r b o -  
e t h o x y c y c lo p e n t a n o n e  which underwent a l k y l a t i o n  s p e c i f i c a l ­
l y  between t h e  two carbonyl  groups and g a ve  product  f r e e
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from p o l y a l k y l a t i o n .  The a d v a n ta g e s  o f  t h e  s y n t h e s i s  were  
t h a t  t h e  s t a r t i n g  m a t e r i a l s  were r e l a t i v e l y  i n e x p e n s i v e  and 
e a s i l y  a c c e s s i b l e  and t h e  o v e r a l l  y i e l d s  o f  t h e  p r o d u c t s  













The most common r o u t e s  for  p r e p a r in g  2 - a l k y l -  
c y c l o p e n t e n o n e s  a r e  based  on 1, 4 - d i  carbony l  compounds &'s . 
Although many methods t o  make 1 , 4 - d i k e t o n e s  a r e  a v a i l a b l e ,  
t h e r e  a r e  r e l a t i v e l y  few methods for t h e  p r e p a r a t io n  o f  4 -  
k e t o a ld e h y d e s .  R e c e n t ly  Larson 7 0  and h i s  r e s e a r c h  group  
have  u t i l i z e d  t h e  r e a c t i o n  o f  - (d ip h e n y l  methyl s i  1y l ) - Y -
37
b u t y r o l a c t o n e  w ith  hexylmagnesium bromide,  f o l lo w e d  by 
o x i d a t i o n  w ith  PCC (p y r id in iu m  c h l o r o  c h r o m a t e ) , t o  y i e l d  
4 - o x o d e c a n a l  (Scheme 13)■
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I t  i s  known t h a t  organocopper  c o n j u g a t e  a d d i t i o n  t o
2—a l k y l c y c l o p e n t - 2- e n - l - o n e s  i s  t h e  key ca rb o n -ca r b o n  -  
bond forming s t e p  in  some v e ry  s u c c e s s f u l  and w i d e l y  used  
c< t f$ - d i a l  kyl eye lo p e n ta n o n e  s y n t h e s e s .  T h is  organocopper  
r e a c t i o n  p r o c e e d s  c h e m o s p e c i f i c a l l y  w i th o u t  consuming un­
c o n j u g a t e d  carbonyl  f u n c t i o n a l i t y ,  and p r o t o n a t i o n  o f  t h e  
e n o l a t e  i n t e r m e d i a t e  g e n e r a te d  v i a  t h i s  organocopper  con ju  
g a t e  a d d i t i o n  l e a d s  e x c l u s i v e l y  t o  t h e  therm od yn a m ica l ly  
s t a b l e  t r a n s - o r i e n t a t i o n  7,1 o f  t h e  two a d j a c e n t  carbon  
s i d e  c h a i n s .
6. 2 , 3 - D i a l k y l - 2 - c y c 1o p en te n o n e  p r e c u r s o r s i
r e d u c t i o n  o f  -C -C -  approach  
S i n c e  numerous methods for  t h e  p r e p a r a t i o n  o f  t h e
3ti
t i t l e  compounds have been s u r v e y e d , ' ra t h i s  s e c t i o n  a t ­
t em p ts  t o  r e v i e w  some o f  t h e  r e c e n t  a d v an ces  by which 2 , 3 -  
d i a l k y l e y e l o p e n t e n o n e s  can be prepared  and th en  reduced  
t o  p r o v i d e  2 , 3 - d i a l k y l c y c l o p e n t a n o n e s .  In 1985, Salaun
and O l i v e r  r e p o r t e d  t h a t  s i l y l a t e d  1 - v i n y l c y c l o p r o p a n o l s  
can undergo  a c i d - i n d u c e d  r in g  e x p a n s io n  v i a  t h e
in t e r m e d ia c y  o f  c y c l o b u t a n o n e s  i n t o  c y c l o p e n t e n o n e  d e ­
r i v a t i v e s  (Scheme 1 4 ) .
In t h e  same y e a r ,  P a q u e t t e  and Barth '7’B prepared  2,
3—d i s u b s t i t u t e d  c y c l o p e n t a n o n e s  from 2 , 3 —d i s u b s t i t u t e d  c y ­
c lo p e n t e n o n e  a s  shown below (Scheme 1 5 ) .  The enone £283 
was s u b j e c t e d  t o  c a t a l y t i c  h y d r o g e n a t i o n .  The d i s t r i ­





upon t h e  c o n d i t i o n *  o f  r e d u c t i o n ,  which i s  a d i r e c t  r e s u l t  
o f  t h e  s e n s i t i v i t y  o f  t h e  c i s  isom er t o  e p i m e r i z a t i o n .  Sam­
p l e s  h i g h l y  e n r ic h e d  (907.) i n  C303 were r e a d i l y  tranform ed
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i n t o  m ix t u r e s  dominated by C291, e s p e c i a l l y  when a c i d i c  
r e a g e n t s  were i n v o l v e d .
In 1986,  hoody and h i s  a s s o c i a t e s  7Ei d em onstra ted  
t h e  s y n t h e s i s  o f  a 2, 3 - d i s u b s t i t u t e d  c y c l o p e n t - 2- e n - l - o n e
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by a r o u t e  which i n v o l v e d  r e d u c t i v e  a l k y l  a t  ion  and o z o n o -  
l y a i s  from £ -m ethoxyindanone  i n  an o v a r a l l  y i a l d  o f  29'/. 
(Schama 1 6 ) .
I I .  SYNTHESIS OF 5-MEMBERED RING PHEROMQNE ANALOGSI
A. P r a p a r a t io n  o f  2 - < 5 - a c a t o x y p a n t y l ) - 3 - e t h y l  
c y c lo p a n t a n o n a i 
Two o f  t h r e e  a p p roaches  which have been r ev iew ed  
above for s y n t h e s e s  o f  2, 3 - d i a l k y l c y c l o p e n t a n o n e s  were  
s t u d i e d  for t h e  p r e p a r a t io n  o f  2 - < 5 - a c e t o x y p e n t y l ) - 3 - e t h -  
y l c y c lo p e n t a n o n e .  ( i )  In t h e  c o n j u g a t e  a d d i t i o n  -  a l k y l -  
a t i o n  approach s t a r t i n g  from 2 - c y c l o p e n t e n o n e ,  P o s n e r ' s  
o n e -p o t  r e a c t i o n  was examined but f a i l e d  due t o  l a c k  o f  
r e a c t i v i t y  o f  t h e  r e s u l t a n t  e n o l a t e s  toward a l k y l  h a l i d e s  
In order t o  accom p l ish  t h e  r e a c t i o n ,  t h e  e n o l a t e  ion  was 
trap ped  by M esS iC l a s  in  P a t t e r s o n  and F r i e d ' s  method. 
(Methyl c h lo r o f o r m a te  i s  a l s o  a t r a p p in g  r e a g e n t ;  i t  was 
not used in  t h e  2 - ( 5 - a c e t o x y p e n t y l ) - 3 - e t h y l e y e l o p e n t a n o n e  
s y n t h e s i s  b e c a u se  o f  i t s  h igh  t o x i c i t y  a s  compared t o  
M eaSiCl.)  P a t t e r s o n  and F r i e d ' s  p roced ure  i s  t h e  method 
o f  c h o i c e .  In t h e i r  method, fewer s t e p s  were r e q u i r e d ,  s a ­
t i s f a c t o r y  y i e l d  was o b t a i n e d ,  and no c a t a l y s t  was u sed .  
T h is  method seemed t o  be t h e  most c o n v e n ie n t  for p r e ­
p a r in g  t h e  product  v i a  c o n j u g a t e  a d d i t i o n  -  a l k y l a -  
t i o n  r e a c t i o n s ,  ( i i )  In t h e  c o n j u g a t e  a d d i t i o n  approaches  
s t a r t i n g  from 2 - a l k y l - 2 - c y c 1open ten on e ,  Ikan and D a v i d ' s
r o u t e s  were f o l lo w e d  mine* t h e  s t a r t i n g  m a t e r i a l s  for 2-  
a l k y l - 2- c y c l o p e n t e n o n e  a r s  i n e x p e n s i v e ,  a a s i l y  a c c e s -  
s i b l a  and o v a r a l l  y i a l d s  o f  th a  product  ara s a t i s f a c t o r y .  
In co m p a r is io n  w ith  Ikan and D a v id ’ s  r o u t e ,  s t a r t i n g  ma- 
t a r i a l s  for soma o f  t h e  o th e r  p o s s i b i l i t i a s  ware not  
c o m m e rc ia l ly  a v a i l a b l e ,  e g .  b i s - t r i m e t h y l c y c l o b u t e n e  <Ku- 
wa.jima’ s  r o u t a ) ,  b i s - t r i m e t h y l c y c l o p a n t e n e  (Wakamatsu's  
method) and B a r r e ir o  and Gomes’ method was more l e n g t h y .  
Thus r o u t e s  from 2 - c y c l o p e n t e n o n e  and 2- a l k y l - 2- c y c l o p e n ­
te n o n e  were chosen  from t h o s e  methods rev iew ed  above t o
s y n t h e s i z e  2 - < 5 - a c e t o x y p e n t y l ) - 3 - e t h y l c y c l o p e n t a n o n e  C373. 
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The d i f f e r e n c e s  in  s t e r e o c h e m i s t r y  o f  £373 a s  o b ta in e d  
from t h e s e  v a r i o u s  r o u t e  i s  a m atter  o f  c o n s i d e r a b l e  
c o n c e r n .  The most s t e r e o s e l e c t i v e  2 - a l k y l - 2 - c y c l o p e n t e -  
none r o u t e  w i l l  be t h e  most d e s i r a b l e .
1. Route from 2 - c y c l o p e n t e n o n e i
Although 2 - c y c l o p e n t e n o n e  i s  co m m e rc ia l ly  a v a i l a b l e ,  
i t s  c o s t  i s  h ig h ,  e s p e c i a l l y  when i t  i s  t o  be used a s  t h e  
b a s i c  s t a r t i n g  m a t e r ia l  in  a m ult i  s t e p  s y n t h e t i c  scheme.  
Thus p r e p a r a t io n  o f  2 - c y c l o p e n t e n o n e  from an i n e x p e n s i v e  
m a t e r i a l ,  c y c lo p e n t a n o n e ,  was e x p lo r e d  in some d e t a i l  and 
i s  d e s c r i b e d  be low.
a .  P r e p a r a t io n  o f  2 - c y c l o p e n t e n o n e i
P r e v io u s  s y n t h e s e s  o f  2 - c y c l o p e n t e n o n e  have i n v o l v ­
ed t h e  e l i m i n a t i o n  o f  HC1 from 2 - c h l o r o c y c l o p e n t a n o n e ^ a or 
i t s  k e t a l , 7"5* t h e  o x i d a t i o n  o f  3 - c h l o r o ° °  or 3 -hydroxy  c y -
U2
c l o p e n t e n e ,**1 as w all  as th a  d i r e c t  o x i d a t i o n  o f  c y c l o -  
p e h te n e  with  HaOa.B5t C yc lopentanon*  h a s  a l s o  ba*n prspared  
from e y c l o p e n t e n e d i o l s ,  **3 1- d i c y c  l o p * n t a d i* n o l  , • “* p a l l a d i ­
um <11) - c a t a l y z e d  d e h y d r o s i1y l a t i o n  o f  i - t r i m * t h y l s i l o x y -  
c y c l o p e n t e n e , MS3 and t h e r m o l y s i s - h y d r o l y s i s  o f  2- n o r b o r -  
nanone . 86 However, a c o n v e n ie n t  s y n t h e s i s  o f  2 - c y c l o p e n ­
te n o n e ,  which i n v o l v e s  b r o m in a t io n ,  then  dehydrobrom ina-  
t i o n  i s  examined h e r e .  The p r o c e s s  may be c a r r i e d  out  
e i t h e r  on c y c lo p e n t a n o n e  i t s e l f  or on a k e t a l  d e r i v a t i v e .  
S e v e r a l  p r o c e d u r e s  which have been r e p o r t e d  in  t h e  l i t e r a ­
t u r e ,  but which gave  poor r e s u l t s  in  our hands ,  are  
o u t l i n e d  in  Scheme 17.
C yc lopentanon e  was t r e a t e d  w ith  Br=e in  a c e t i c  a c id  
at 9 - l 5 <,C,**,r fo l lo w e d  by LiaCQa in  DMF at  r e f l u x  (Entry  1; 
Scheme 1 7 ) .  The dehydrobrom ination  d id  not  occur  
a s  shown by t h e  a b sen ce  o f  l H NMR s i g n a l s  o f  2 - c y c l o p e n ­
ten o n e  in  t h e  crude  p r o d u ct .  The f a i l u r e  o f  t h e  r e a c t i o n  
might be due t o  t h e  d e c o m p o s i t io n  o f  t h e  s t a r t i n g  m a t e r i a l .  
Indeed,  t h e  brom ocyclopentanone turned  from a y e l l o w  
l i q u i d  t o  a dark brown s o l i d  a f t e r  s t o r a g e  at  room tempe­
r a t u r e  o v e r n i g h t .  Using f r e s h l y  prepared  bromo compound 
did  not cu re  t h e  problem.
Brom ination o f  c y c lo p e n t a n o n e  a t  room tem p er a tu r e  was 
c a r r i e d  out in  c h lo ro fo rm  c o n t a i n i n g  Br^t, f o l lo w e d  by 
e l i m i n a t i o n  o f  HBr with  DMF and CaCO-a.SB T h is  p r o c e s s  
provided  a m ix ture  o f  eye  1opentenone  and b r o m o cy c lo p e n te n -
a c c o r d in g  t o  ‘ H-NMR and mass s p e c t r a l  a n a l y s e s  (Entry  
Scheme 1 7 ) .  The p ro ced ure  i s  in  some i n s t a n c e s  i n e f f i -
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c i e n t  and t e d i o u s .  The crude  bromo k e to n e  in  DMAC <N,N'-  
d im e th y la c e ta m id e )  was added over  5 min. t o  a w e l 1- s t i r r e d ,  
r e f l u x i n g  s l u r r y  o f  CaCOa/DMAC. A f te r  5 min. more, t h e  
r e f l u x  condenser  was r e p la c e d  w ith  a d i s t i l l a t i o n  head and 
DMAC removed a s  r a p i d l y  a s  p o s s i b l e  by . ju d ic io u s  r e d u c t i o n  
o f  p r e s s u r e  u n t i l  a d e s i r e d  volume o f  DMAC remained.  
The r e a c t i o n  m ixture  was c o o le d  then  worked up.
S i n c e  i t  i s  d i f f i c u l t  t o  c o n t r o l  t h e  monobromomina­
t i o n  o f  c y c lo p e n t a n o n e  in  a c e t i c  a c id  and c h lo r o fo r m ,  
Marquet and Gaudry®9 have  recommended methanol a s  a b r o -  
m inat ing  s o l v e n t  s i n c e  d ib r o m in a t io n  i s  very  s lo w  in  
m ethanol .  T h is  c o n t r a s t s  w ith  t h e  b ehav ior  in  o th e r  s o l ­
v e n t s  such a s  e th e r  or CC1* where la r g e r  amounts o f  d i -  
bromoketones a r e  a lw ays  p r e s e n t  even when one e q u i v a l e n t  
o f  bromine i s  u sed .
An attem p t  t o  prepare  2 - c y c l o p e n t e n o n e 90 from c y c l o ­
pentanone  was c a r r i e d  out by f o l l o w i n g  t h e  se q u en ce !  i .  
b rom inat ion  w ith  Bra- in  a b s o l u t e  methanol a t  15 -  20° C,
i i .  dehydrobrom ination  w ith  NaOH in  a b s o l u t e  methanol un­
der r e f l u x  for 3 h, and i i i .  h y d r o l y s i s  o f  t h e  brom ocyc lo -  
pentanone k e t a l  formed in  i i  w ith  3'/. Hs-SCW for 3 min 
<Entry 3, Scheme 1 7 ) .  2 -C y c lo p e n te n o n e  was o b ta in e d  in  
very  low y i e l d  due t o  form ation  o f  b y - p r o d u c t s  such as  
a l d o l  c o n d e n s a t io n  or d i m e r i z a t i o n  p r o d u c t s .  E v idence  for 
form ation o f  t h e  l a t t e r  was seen  in  t h e  mass s p e c t r a l  ana­
4 5
i
l y s i s  o f  t h e  product  m ix tu r e .  Ons compound had a M-* ion  
at  m/e 164. Indeed,  Bellam y’ 1 has  r e p o r t e d  t h e  d i m e r i z a -  
t i o n  o f  4 , 4 - d i m e t h y l c y c l o p e n t - 2 - e n o n e  i s  c a t a l y z e d  by b a s e .
Another attem pt t o  brom inate  and k e t a l i z e  c y c l o ­
pen tan o n e’ 3 i n  one pot  a c c o r d in g  t o  Chandrasekaram's  
method y i e l d e d  o n ly  207. o f  t h e  -b ro m ocyc lop en ta n on e  
e t h y l e n e  k e t a l .  (Entry 4, Scheme 1 7 ) .  The remainder o f  
t h e  r e a c t i o n  m ix ture  was an u n i d e n t i f i e d ,  dark brown 
s o l i d .  Thus a l l  o f  t h e  above a t t e m p t s  were u n s a t i s f a c t o r y .
A f te r  t h e s e  u n s u c c e s s f u l  a t t e m p t s  , 2 - c y c l o p e n t e n o n e  
was prepared in  s a t i s f a c t o r y  y i e l d  by t h e  f o l l o w i n g  
s t r a t e g y  (Entry  5 ,  Scheme 1 7 ) s i .  k e t a l i z a t i o n  o f  c y c l o p e n ­
ta n o n e ,  i i .  brom inat ion  o f  c y c lo p e n t a n o n e  e t h y l e n e  k e t a l ,
i i i .  dehydrobrom ination  o f  o i  -brom o cyc lop en ta n o n e  e t h y l e n e  
k e t a l ,  i v .  h y d r o l y s i s  o f  2- c y c l o p e n t e n o n e  e t h y l e n e  k e t a l .  
T h is  dehydrobrom ination  method can avo id  t h e  s e l f  conden­
s a t i o n  and Favorski  r e a c t i o n s  o f  -b ro m o cy c lo p en tan o n e .
i .  C yc lopentanone  was r e a c t e d  with  e t h y l e n e  g l y c o l  in  
t h e  p r e s e n c e  p - t o l u e n e s u l f o n i c  a c id  c a t a l y s t  t o  form C313 
in  42-767. y i e l d  depending t h e  on method a p p l i e d .  In Gode-  
f r o i ’ s  m e t h o d , t h e  r e a c t i o n  m ix tu r e  i s  r e f l u x e d  for 72 h 
w ith  two i n t e r r u p t i o n s  between r e f l u x ,  fo l lo w e d  by two 
w a sh in g s ,  r e s u l t i n g  in  a 427. y i e l d .  An e x p l a n a t i o n  for t h e  
two i n t e r r u p t i o n s  i s  based on t h e  assum ption t h a t  an a c e -  
t a l i z a t i o n  p r o c e s s  can be d r iv en  t o  c o m p le t io n  by adding  
more o f  t h e  a l c o h o l  and t h e  c a t a l y s t .  In E l i e l  and D a ig -
n a u l t ’ s  method, t h e  r e a c t i o n  m ix tu re  i s  c o n t i n u o u s l y  
r e f l u x e d  for  12 h or one week t o  g i v e  62% or 76% y i e l d ,  
r e s p e c t i v e l y .
i i .  Chapman h a s  r e p o r t e d  t h a t  a t tem p ted  b rom in a t ion  
o f  C31] w i t h  p y r id in iu m  bromide perbrom ide ,  t r im e t h y lp h e n y l  
ammonium perbrom ide ,  and w i t h  m o lecu lar  bromine i n  a range  
o f  s o l v e n t s  a l l  f a i l e d .  However, t r e a tm e n t  o f  £313 w i th  Br* 
i n  dry e t h y l e n e  g l y c o l  f o l l o w i n g  t h e  c a r e f u l l y  d e v e lo p ed  
p r o c ed u r e  o f  G a r b is h ,*0 i s  found t o  l e a d  t o  an e x c e l l e n t  
y i e l d  (93%) o f  £323 b a sed  on *H—NHR. I t  was found ad van ta ­
g e o u s  t o  p ro ceed  d i r e c t l y  t o  t h e  d eh y d ro b ro m in a t io n .  Thus 
an i s o l a t e d  y i e l d  o f  £32]  cannot  be r e p o r t e d .  The d ib r o m i-  
n a t i o n  i s  d i f f i c u l t  t o  a c c o m p l i sh  even a t  i n c r e a s e d  tempe­
r a t u r e  b e c a u s e  a f t e r  one  e q u i v a l e n t  o f  bromine h a s  r e a c t e d ,  
f u r t h e r  r e a c t i o n  w i th  bromine i s  v i s i b l y  much s l o w e r ,  and 
d u r in g  t h e  b r o m in a t io n  i n  e t h y l e n e  g l y c o l ,  t h e  bromo k e t a l  
produ ct  g e n e r a l l y  s e p a r a t e s  from s o l u t i o n .
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Marquat and his co-workars ** hava proposad tha me­
chanism of bromination of cycloalkanona athylana katal to 
ba that shown in Schama 18 abova.
i i i .  2—bromocyc1opantanona athylana katal undargoas smooth 
dahydrobromination in strong basa (KOH/ diathylana glycol) 
to yiald 80% of tha isolatad C333, and 20% of a mixtura of 
C323 and C343 according to QC analysis. Tha formation of 
C343 may ba axplainad by tha prasanca of NH*C1 in tha re­
action mixtura.
iv . Mild hydrolysis of L333 with aquaous oxalic acid fraas 
tha carbonyl group and provldas C343 (76% yiald) along 
with C333 and its  isomars (24% yiald). During tha work-up 
of tha raaction mixtura, usa of NaHCOa for nautralization 
givas highar yiald (76%) than doas CaC0a(63%). This hy­
drolysis procadura producas a battar yiald of C343 than 
doas Garbisch’ s mathod (65% yiald of C343, using 3% HaSO* 
and a raaction tima of S min.) 90
b. Preparation of 2—(5—acatoxypantyl)-3-ethylcyclo- 
pantanona C373t
Tha 1,4—conjugate addition of lithium diethylcuprate 
to 2-cyclopentenone gave tha anolata C353. An unsuccassful 
attempt to trap tha resulting enolate C353 with MesSiCl
ka
A fforded  3 - e t h y l e y e l o p e n t a n o n e  C363. Compound E363 in  t o l ­
uene  was t r e a t e d  w i th  p y r r o l i d i n e  i n  t h e  p r e s e n c e  o f  p - t o l  
u e n e s u l f o n i c  a c i d  a s  c a t a l y s t f f o l l o w e d  by a d d i t i o n  o f  5 -  
bromopentyl  a c e t a t e .  The r e a c t i o n  f a i l e d  t o  produce  C373. 
C363 was r e c o v e r e d ,  whereas 5 -brom openty l  a c e t a t e  was n o t .  
F r e q u e n t ly ,  t h e  a l k y l a t i o n  o f  enam ines  w i th  s i m p l e  a l k y l ­
a t i n g  a g e n t s  i s  not a good p r e p a r a t i v e  method b e c a u se  t h e  
major r e a c t i o n  i s  N - a l k y l a t i o n  r a t h e r  than C - a l k y l a t i o n  9 7  
The s i t u a t i o n  i s  s i m i l a r  t o  C- or 0 -  a l k y l a t i o n  o f  e n o l a t e  
anionsy  however,  t h e  enamine,  b e in g  uncharged ,  h a s  no c a t ­
io n  t o  s h i e l d  t h e  n i t r o g e n  from a t t a c k  by t h e  a l k y l a t i n g  
a g e n t .  A l s o ,  t h e  n i t r o g e n  atom o f  enam ines  i s  s o f t e r  (more  
p o l a r i z a b l e )  than t h e  c o r r e s p o n d in g  e n o l a t e  oxygen atom. 
Both o f  t h e s e  f a c t o r s  a p p a r e n t l y  c o n t r i b u t e  t o  making N- 
a l k y l a t  io n  a s e r i o u s  com peting  r e a c t i o n  in  a t t e m p t s  t o  a l ­
k y l a t e  enam ines  a t  carb on .  Thus t h e  S to r k  enamine r e a c t i o n  
i s  q u i t e  u s e f u l  for p a r t i c u l a r l y  a c t i v e  a l k y l  h a l i d e s  such
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a s  a l l y l ,  benzy l  and propargy l  h a l i d e s ,  but i s  not  vary  
s e r v i c e a b l e  for  o r d in a r y  primary and sacond ary  h a l i d a s  
(Schama 1 9 ) .
Ona o f  t h a  a t t r a c t i v a  r o u t a s  t o  C373 i s  t h a  o n e -p o t  
r a a c t i o n 8,4 i n v o l v i n g  organocoppar c o n j u g a t a  a d d i t i o n  t o  2-  
c y c lo p a n ta n o n a  fo l lo w a d  by a l k y l a t i o n .  I t  i s  basad on t h a  
f a c t  t h a t  t h a  c u p r a t e - g e n e r a t e d  a n o l a t a  which i s  p r e -  
sa n t  i n  t h a  r a a c t i o n  m ixtura  in  l a r g a  amount <>>70'/.) p r io r  
t o  p r o t i c  quench, can par form ^ - a l k y l a t i o n  a s p a c i a l l y  
whan HMPA i s  addad p r io r  t o  a d d i t i o n  o f  t h a  a l k y l a t i n g  r e -  
a g a n t .  Conjugata  a d d i t i o n  o f  EtaCuLi (2  a q u i v . )  t o  2 - c y -  
c lo p a n ta n o n a  (1 a q u i v . )  fo l lo w a d  by t h a  a d d i t i o n  o f  HMPA 
and S - io d o p a n t y l  a c a t a t a  (8 a q u i v . )  gava nona o f  th a  d e s i -  
rad product  C37)| o n l y  t h a  a d d i t i o n  product C363 was 
formad. According  t o  C oatas  t h a  u n r a a c t i v i t y  o f  t h e
aw •
c o p p e r - l i t h i u m  a n o l a t a  i n t e r m e d i a t e  i s  presumed t o  ba a 
co n se q u en ce  o f  in c r e a s e d  c o v a le n c y  o f  th a  co p p e r -o x y g e n  
a s  opposed t o  t h a  1i th iu m -o x y g e n  bond.
Basad on th a  s t u d i e s  o f  Untch and D a v is  ■»*»•, an an­
o l a t a  f i r s t  formad v i a  c u p r a ta  c o n j u g a t a  a d d i t i o n  i s  
complex in  n a t u r e  and may i n v o l v e  copper in  some way, s i n c e  
no a l k y l a t i o n  o c c u r s  even w i th  e i t h e r  methyl i o d i d e  or a l -  
l y l  i o d i d e .  Tha a d d i t i o n  o f  HMPA t o  th a  r e a c t i o n  medium 
p r o v i d e s  a d i f f e r e n t  a n o l a t a .  However, t h i s  e n o l a t e
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undergo** proton  t r a n s f e r  a t  a r a t e  f a s t e r  than  
r e g i o s p e c i f i c  a l k y l a t i o n  and t h u s  r e n d e r s  t h i s  r o u t e  
t o  t h e  s y n t h e s i s  o f  C373 i n e f f e c t i v e .  House and Hi 1 k i n s 100 
have  p r o v id e d  c o n v i n c in g  e v i d e n c e  t h a t  t h e  i n t e r m e d i a t e  
formed by t h e  a d d i t i o n  o f  MeaCuLi t o  3 - m e t h y l e y e l o h * x - 2 -  
enone  i s  a  l i t h i u m  e n o l a t e .  N e v e r t h e l e s s ,  t h e  i n v e s t i g a t ­
io n  o f  D a v i s  and Untch M  i n d i c a t e d  t h a t  t h e  n a t u r e  o f  t h e  
i n t e r m e d i a t e  formed by c u p r a t e  a d d i t i o n  depends upon t h e  
s t r u c t u r e  o f  t h e  a l k y l  group ,  t h e  enone ,  and p e rh a p s  t h e  
s o l u b i l i z i n g  l i g a n d  used C0PC0Me>a3 (Scheme 2 0 ) .
Scheme 2 0 .





A fte r  two i n i t i a l  a t t e m p t s  t o  p r e p a r e  2 - < 5 - a c e t o x y p e n -  
t y l ) - 3 - * t h y l c y c l o p e n t a n o n *  were  u n s u c c e s s f u l ,  a f u r th e r  
s tu d y  was c a r r i e d  out in  t h e  p r e s e n c e  o f  MeaSiCl. EtaCuLi 
was c o n J u g a t i v e ly - a d d e d  t o  2- c y c l o p e n t e n o n e ,  and t h e  r e ­
s u l t i n g  e n o l a t e  was trapped  w ith  MeaSiCl t o  p r o v i d e  t h e
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i n t e r m e d i a t e  which appeared a s  two i s o m e r s ,  C3B3 and C3SA3 
in  a 9 0 i 10 r a t i o ,  i n  65% y i e l d .  However, t h e  produ ct  i s  
u n s t a b l e  a t  room tem p er a tu r e  ( .2 3 ° C ) . I f  l e f t  a t  23°C o v e r ­
n i g h t ,  i t  turned  from a c o l o r l e s s  l i q u i d  t o  s l i g h t l y  y e l ­
low and i t s  v i n y l i c  p ro ton  peak in  t h a  *H NMR d im in i s h e d  
g r a d u a l l y .  However, C3B3 c o u ld  be s t o r e d  in  a r e f r i g e r a t ­
or CS^C) for a month. I t  sh o u ld  be n o te d  t h a t  y i e l d s  in  
t h e  d i r e c t  e n o l a t e  io n  t r a p p in g  method depend on tem pera­
t u r e .  I f  a f t e r  t h e  a d d i t i o n  o f  Me»SiCl t o  t h e  e n o l a t e  at  
-40°C ,  t h e  c o ld  bath i s  removed a t  o n c e ,  and t h e  r e a c t i o n  
m ixture  warmed t o  room t e m p e r a tu r e ,  C3B3 i s  o b t a i n e d .  In 
c o n t r a s t ,  C363 and C 3 6 '3  were formed in  a 7 5 i 2 5  r a t i o  
Cbased on 3C> i n s t e a d  o f  C383 i f  t h e  r e a c t i o n  m ix tu r e  
was warmed t o  10°C a f t e r  t h e  c o l d  bath  was removed then
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r e c o o l e d  t o  - 20° C for 2 h f than warmad t o  room tem p era -  
t u r a  (Schama 2 1 ) .  The r ea so n  for  t h i s  d i f f e r e n c e  i s  not  
c l e a r  s i n c e  Mea8iCl co u ld  have been e x p e c t e d  t o  c a p tu r e  
t h e  e n o l a t e  r a p i d l y .
The a l k y l  a t  ion  r o u t e  in  which t h e  s i l y l  eno l  e th e r  
C383 i s  c o n v e r t e d  t o  l i t h i u m  e n o l a t e  by MeLi, f o l lo w e d  by 
an a l k y l a t i o n  w ith  5-brom openty l  a c e t a t e  C403 d id  not  r e ­
s u l t  in  fo rm a t ion  o f  2 -< 5-*ace toxypenty l  ) - 3 - e t h y l c y c l o p e n -  
ta n o n e  E373. C403 was r e c o v e r e d ,  and C3S3 was formed,
a c c o r d in g  t o  t H-NMR and MS a n a l y s i s .
B in k le y  and Heathcock 101 have  dem onstra ted  t h a t  
l i t h i u m  e n o l a t e s  g e n e r a t e d  from " t r i m e t h y l s i l y l  eno l  
e t h e r  w i th  l i t h i u m  amide undergo r e g i o s p e c i f i c  a l k y l a t i o n  
in  a m ix tu r e  o f  l i q u i d  NHs-THF where pro to n  t r a n s f e r  i s  
an i n s i g n i f i c a n t  s i d e  r e a c t i o n  (NHa i s  t o o  weak an a c id
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t o  p r o t o n a t e  t h e  e n o l a t e ,  which sh o u ld  t h e r e f o r e  m ain ta in  
i t s  s t r u c t u r a l  i n t e g r i t y )  (Scheme 2 2 ) .  The e n o l a t e  [393  
was g e n e r a t e d  r e g i o s p e c i f i c a l l y  from t h e  s i l y l  eno l  e th e r  
[383 w i t h  LiNHa in  NHa-THF and then  a l k y l a t e d  w ith  [403  
<4 e q . ) t o  p r o v i d e  a 41’/. y i e l d  o f  a 5 6 i 4 4  r a t i o  o f  t h e  
c i s  and t r a n s  i so m e r s  o f  [373 ( r e t .  t im e  1 1 .0  and 1 1 . 5 ,  
r e s p e c t i v e l y ) .  In a l l  ru n s ,  c i s —[373 was produced  
in  an amount equal t o  or g r e a t e r  than t r a n s - [ 3 7 3 .  
S t e r e o c h e m ic a l  a s s ig n m e n t s  for t h e  p r o d u c t s  w i l l  be d i s ­
c u s s e d  i n  a l a t e r  s e c t i o n .
2 .  Route t o  o < , fl - d i a l k y l c y c l o p e n t a n o n e  v i a
prepared  c o n v e n i e n t l y  from 2-ca r b o m e th o x y c y c lo p e n ta n o n e  
[413 a s  i n d i c a t e d  in  Scheme 23 .  The a l k y l a t i o n  o f  [413 in
2- a l k y l c y c l o p e n t - 2- e n - l - o n e i
2 - ( 5 - A c e t o x y p e n t y l ) c y c l o p e n t - 2 - e n - l - o n e  [453 was
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t h e  p r e s e n c e  o f  KaCOa/scatone, which was f o l lo w e d  by t h e  
a d d i t i o n  o f  5-brom openty l  a c a t a t a  [ 4 0 3 ,  a f f o r d a d  [423 in  
good <54-77%) y i e l d .  Whan t h a  r a a c t i o n  m ix ture  was r e f l u x e d  
l o n g e r  and l a s s  a c a to n a  was u s e d ,  th a  y i a l d  was h ighar  
than w ith  a s h o r t a r  t im a and mora a ca to n a .  Tha low y i a l d  
o f  a l k y l a t i o n  co u ld  ba e x p l a in e d  by in c o m p le t e  r a a c t i o n ,  
s i n c a  [413 and [403 wara racovarad  in  la r g a r  amounts whan 
mora a c a to n a  was usad making t h a  a l k a l i  c o n c a n t r a t i o n  
low ar .  S a p o n i f i c a t i o n  o f  - k a t o  a s t a r  such a s  [423 i s  
o f t a n  c o m p l ic a ta d  by compating a t t a c k  o f  t h a  h y d ro x id e  
anion  a t  t h a  katona f u n c t i o n ,  la a d in g  t o  r in g  c l a a -  
vaga r a th a r  than s a p o n i f i c a t i o n ,  a s p a c i a l l y  in  c a s a s  
i n  which t h a  c<  - p o s i t i o n  i s  d i s u b s t i t u t e d 103 . For t h i s  
r s a s o n  t h a  h y d r o l y s i s  and d a c a r b o x y l a t io n  o f  [423 ware 
c a r r i e d  out  by r a f l u x i n g  in  aqueous a c id  (AcQH/257. HC1) 
t o  a f f o r d  [433 in  75% y i e l d .  T h is  r a a c t i o n  was s lo w  for  
th a  lon g  c h a in  a l k y l  d e r i v a t i v e s ,  p robab ly  b e c a u se  o f  
t h a i r  poor s o l u b i l i t y .  However, u s e  o f  a c e t i c  a c id  a s  
s o l v e n t  a l lo w e d  a smooth r a a c t i o n .
Tha c o n v e r s i o n  o f  c y c lo p e n ta n o n e  [433 t o  c y c lo p a n ta n o n a  
[453 was acco m p l ish ed  by h a lo g a n a t io n  o f  enol  a c a t a t a  C443 
and su bseq u en t  d a h y d r o h a lo g a n a t io n .  D ir e c t  h a l o g a n a t io n  o f  
C433 w i th  s u l f u r y l  c h l o r i d e  or e le m e n ta l  bromine were not  
c l e a n  r e a c t i o n s ,  l a a d in g  t o  m ix tu r e s  o f  s t a r t i n g  katona  
[433 w ith  monohaloganatad and p o ly h a lo g e n a t e d  k e t o n e s .
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Brom ination  o f  C443 was c l s a n s r .  Enol a c e t y l a t i o n  o f  
C433 w i th  r e f l u x i n g  a c s t i c  anhydride  and p - t o l u e n e -  
s u l f o n i c  a c id  c a t a l y s t  p r o c s s d s d  t o  97V. c o m p le t io n  
( a f t e r  10 h) and gave  a m ix tu re  o f  two i so m e r s  [;44a3 and 
C44b3 in  t h e  r a t i o  o f  9B i2  a s  shown by GO ( r e t e n t i o n  t i m e s  
o f  C44a3 and C44b3 a r e  B . 18 and 8 . 2 0  min, r e s p e c t i v e l y ) .  
(However, p u r i f i c a t i o n  o f  en o l  a c e t a t e  C443 by column 
chromatography on s i l i c a  g e l ,  e l u t i n g  w ith  0- 2% e t h y l  
a c e t a t e / h e x a n e  ( v / v )  gave  o n l y  58V. i s o l a t e d  y i e l d ,  proba­
b ly  b e c a u se  t h e  a c i d i c  c h a r a c te r  o f  s i l i c a  g e l  caused  t h e  
h y d r o l y s i s  o f  t h e  eno l  a c e t a t e  t o  c y c lo p e n t a n o n e  C433. 
Even t e c h n i c a l  grade  DCM, w ith  a t r a c e  o f  water and HC1 
can turn  c l e a r  en o l  a c e t a t e  c lo u d y  a s  h y d r o l y s i s  t a k e s  
p l a c e  g i v i n g  t h e  s t a r t i n g  m a t e r ia l  b a c k ) .  With p e r c h l o r i c  
a c id  a s  c a t a l y s t ,  t h e  same isomer c o m p o s i t io n  was r a p i d l y  
(15 min) a t t a i n e d  at  room tem p er a tu r e ,  but t h e  r e a c t i o n  
c o u ld  not  be pushed t o  more than 90% c o m p le t io n ,  p o s s i b l y
f
b e c a u se  t h e  by-product  a c e t i c  a c id  cou ld  not be removed.
Brom ination o f  t h e  en o l  a c e t a t e  was accom p l ish ed  in  a 
t h r e e  phase  r e a c t i o n  medium. A d d i t io n  o f  a CC1* s o l u t i o n  
o f  bromine t o  a m ix ture  c o n s i s t i n g  o f  a c h lo ro fo rm  s o l u t i o n  
o f  en o l  a c e t a t e  C44a3 and C44bl and an aqueous s u s p e n s io n  
o f  CaCQa r e s u l t e d  in a r a p id  uptake  o f  1 e q u i v a l e n t  o f  Br2 j 
any e x c e s s  o f  Bra p e r s i s t e d  u n t i l  t h e  m ix ture  was worked 
up. The crude  bromoketones C44c3 and C44d3 ( i d e n t i f i e d  by 
1H-NhR) were then dehydrobrominated w ithou t  d e la y  (Scheme
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2 4 ) .  Of t h e  s e v e r a l  dehydrobrom inat ion  p r o c e d u r e s  i n v e s t i ­
g a t e d ,  l i t h i u m  bromide and l i t h i u m  c a r b o n a t e  i n  r e f l u x i n g  
dim ethy lform am ide  or c a lc iu m  c a r b o n a t e  i n  hot  d i m e t h y l a c e -  
tam ide  were found t o  be most e f f e c t i v e l o a b . Treatment o f
Scheme 2 4 .
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t h e  cru de  bromoketones C44c3 and C44d3 w ith  LiBr/LiaCOa  
in  DMF gave  2 - ( 5 - a c e t o x y p e n t y l > c y c l o p e n t - 2 - e n o n e  C453 in  
52% y i e l d  a s  a c o l o r l e s s  o i l .  I t  sh o u ld  be noted  t h a t  t h e  
p r o ced u re  d e s c r i b e d  above was not t h e  b e s t  method t o  p r e ­
pare  u n s u b s t i t u t e d  e y e l o p e n t e n o n e  from c y c lo p e n t a n o n e  
( s e e  E n t r i e s  1 and 2 ,  Scheme 1 7 ) .
A f te r  p r e p a r in g  C453, t h e  nex t  s t e p  in  t h e  o v e r a l l  
s y n t h e t i c  scheme r e q u i r e s  c o n j u g a t e  a d d i t i o n  o f  t h e  e t h y l  
group at  t h e  p -ca rb o n  atom o f  C45D. The c o n j u g a t e  a d d i ­
t i o n  o f  organocopper r e a g e n t  t o  C453 i s  a n a lo g o u s  t o  t h e  
key C-C bond form ation  s t e p  in  some v e r y  s u c c e s s f u l  sy n ­
t h e s e s .  I t  in v o lv e d  c o n j u g a t e  a d d i t i o n  o f  t h e  tw o-carbon  
"lower" s i d e  ch a in  as  an homocuprate r e a g e n t  (EtaCuLi) t o
57
t h e  s u b s t r a t a  C45D. T h is  o r g a n o c u p r a te  r a a c t i o n  p ro c a a d s  
c h e m o s p e c i f i c a l l y ,  and th a  p r o t o n a t i o n  o f  t h a  a n o l a t a  i n ­
t e r m e d i a t e  ga naratad  v i a  t h i s  organocoppar c o n j u g a t e  a d d i -  
io n  l a a d s  pred o m in a n t ly  t o  t h a  therm od ynam ica l ly  s t a b l e  
t r a n s  o r i e n t a t i o n  o f  t h a  two a d ja c e n t  carbon s i d e  c h a i n s ,  
loot* ^ r e c a n t  com m unication100 d e s c r i b e s  t h a  u s e  o f  a com­
b in ed  organocuprate-M eaSiCl  r e a g e n t  for  c o n j u g a t a  a d d i t i o n  
t o  ©<, (3 - u n s a t u r a t e d  k e t o n e s .  O rganocupratas  a r e  known t o  
be t h e  r e a g e n t s  o f  c h o i c e  for t h e  e f f i c i e n t  1, 4 - t r a n s f e r  
o f  an a l k y l  group t o  an «<, ^ - u n s a t u r a t e d  carbonyl  s u b s t r a t e .  
103 In t h a  c l a s s i c a l  p r o c ed u re ,  t h e  carbonyl  compound 
i s  added t o  a c u p r a ta  s o l u t i o n  and th a  r e s u l t i n g  in te r m e ­
d i a t e  e n o l a t e  i s  o f t e n  trapped a s  i t s  t r i m e t h y l s i l y l  eno l  
e th e r  by subseq uent  a d d i t i o n  o f  M e a S i C l H o w e v e r ,  in  
many i n s t a n c e s ,  t h i s  proced u re  d o e s  not  a v o id  s i d e  r e a c ­
t i o n s  o f  t h e  e n o l a t e ,  such a s  Michael or a l d o l  r e a c t i o n s ,  
which lower t h e  o v e r a l l  y i e l d  o f  t h e  1 , 4 - a d d i t i o n  p r o d u c t .  
In 1980,  in  a s tu d y  o f  t h e  c o n j u g a t e  a d d i t i o n  o f  or g a n o -  
c u p r a t e  r e a g e n t s  t o  u n s a tu r a te d  a ld e h y d e ,  Normant100 e t  a l . 
proposed  ah a l t e r n a t i v e  pro ced u re ,  in  which MeaSiCl i s  
added b e f o r e  t h e  enol  in  order t o  im m ed ia te ly  t r a p  t h e  r e ­
s u l t i n g  e n o l a t e .  T h is  id e a  was based on t h e  o b s e r v a t i o n  
t h a t  t h e  r e a c t i o n  between MeaSiCl and RaCuLi was v e r y  s lo w ,  
103 w h i l e  t h e  1 , 4 - a d d i t i o n  o f  RaCuLi t o  an eno l  and t h e  0 -  
s i l y l a t i o n  o f  t h e  r e s u l t i n g  e n o l a t e  were f a s t  p r o c e s s e s .  
In a d d i t i o n ,  i t  was observed  t h a t  t h e  p r e s e n c e  o f
Me»SiCl en h a n ce s  t h e  r a t e  o f  t h e  c o n j u g a t e  a d d i t i o n  r e a c t  
i o n .  Us ing  t h i s  p ro ced ure  t h e  y i e l d  o f  t h e  c o n j u g a t e  a d -  
duct o f  BuaCuLi t o  a c r o l e i n  was i n c r e a s e d  from 25V. t o  
60’/.. 10= -
T rans- 3 - a t h y l - 2 - ( 5 - a c e t o x y p e n t y l ) c y c l o p e n t a n o n e  C373 
(Scheme 25)  was prepared w ith  h igh  s t e r e o s e l e c t i v i t y  from 
C453. C o p p e r - c a t a ly z e d  c o n j u g a t e  a d d i t i o n  o f  EtMgBr t o
Scheme 25.
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C453 and s u b s e q u e n t ly  t r e a t i n g  t h a  r a s u l t i n g  c y c l o p e n t a -  
nona e n o l a t e  w ith  aquaoua NH*C1 a f fo r d a d  k a to  a s t a r  C373 
w ith  72% s t a r a o a a l a c t i v i t y  in  o n ly  25% y i a l d .  A n a l y s i s  
o f  th a  cruda product  showad t h a t  i t  c o n ta in a d  51% o f  
C373, 25% o f  2 - < 5 - h y d r o x y p e n t y l ) - 3 - e t h y l  eye 1opentanone ,  
and 24% o f  s t a r t i n g  m a ta r ia l  <based on QC a r a a s ) . C371
i s  a m ix ture  o f  2 isom ars  in  which th a  r a t i o  o f  c i s »t r a n s  
i s  J27i73. T h is  r a a c t i o n  i s  more s t a r a o s p a c i f i c  than t h e  
a l k y l a t i o n  o f  s i l y l  anol e th e r  a s  d e s c r ib e d  e a r l i e r .  I t  
sh o u ld  be noted  hare  t h a t  preformed organocoppar r e a g e n t s  
g e n e r a l l y  produce 1 , 4 - a d d i t i o n  in  h igher  y i a l d  C i .a .  w ith  
l a s s  or no 1 , 2 - a d d i t i o n )  and g r e a t e r  s t e r e o s e l e c t i v i t y  
than do organocoppar r e a g e n t s  prepared in  s i t u .  10313
Tha c o n j u g a t a  a d d i t i o n  o f  EtaCuLi t o  C453 in  t h e  p r e ­
s e n c e  o f  MeaSiCl g e n e r a l l y  gave  predom inantly  t r a n s  C373 
a s  in  t h e  c a s e  o f  EtMgBr/CuI. MeaSiCl may p la y  d i f f e r e n t  
r o l e s  i n  t h i s  r e a c t i o n .  When MeaSiCl i s  added a f t e r  r e ­
a c t i o n  o f  t h e  c y c lo p a n te n o n e  w ith  EtaCuLi, th a  o n l y  pur­
p o se  o f  t h e  MeaSiCl i s  t o  t ra p  t h e  e n o l a t e  i n t e r m e d i a t e  
t h i s  r o u t e  produces  C37] w ith  a c i s i trains r a t i o  o f  16;94  
in  33% y i e l d  a f t e r  t h e  i n t e r m e d i a t e  i s  s e p a r a t e d  by t h i n -  
la y e r  chromatography on s i l i c a  g e l  <20% e t h y l  a c e t a t e / h e x ­
ane a s  an e l u e n t ) .  When MeaSiCl i s  added b e f o r e  t h e  c y c l o -  
p e n te n o n e ,  i t  can p la y  th a  dual r o l e s  o f  t r a p p in g  and 
a s s i s t i n g  th a  c o n ju g a ta  a d d i t i o n  r e a c t i o n  t o  form r e l ­
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a t i v e l y  s t a b l e  s i l y l  en o l  e th e r  C463 which has  been  
h y d r o ly z e d  in  aqueous a c i d ,  t h i s  r o u t e  g i v e s  1 3 7 1  in  50'/. 
y i e l d  and t h e  c i s i t r a n s  r a t i o  i s  1GiB4. The low y i e l d  o f  
t h e s e  c o n j u g a t e  a d d i t i o n  r e a c t i o n s  can be e x p l a i n e d  by i n ­
c o m p le te  r e a c t i o n  (307. o f  t h e  s t a r t i n g  m a t e r i a l  r e c o v e r e d )  
and perhaps  by t h e  h in d r a n c e  o f  approach t o  t h e  {} -carbon  
o f f e r e d  by s u b s t i t u e n t s  a t  C«  .
MeaSiCl a s s i s t s  t h e  c o n j u g a t e  a d d i t i o n  r e a c t i o n s  by 
a c c e l e r a t i n g  t h e  r e a c t i o n s  and p r e v e n t i n g  Z-  ̂E i s o m e r i z a ­
t i o n  o f  • n o n t * 104*. The s i l y l  e n o l  e t h e r  C463 i s  s t a b l e  
in  c o n t r a s t  t o  C3B3 which i s  u n s t a b l e .  The former can be  
l e f t  a t  room tem p erature  for a few days  w i th o u t  a change  
in  i t s  s t r u c t u r e !  i t  can a l s o  be p u r i f i e d  by a f l a s h  c h r o ­
matography on s i l i c a  g e l ,  e l u t i n g  w ith  0 - 2  7, e t h y l  
a c e t a t e / h e x a n e .  The s t a b i l i t y  o f  C463 toward s i l i c a  g e l  
i s  s i m i l a r  t o  d i m e t h y l p h e n y l s i l o x y c y c l o h e x e n e  C47310A
Si Ph Me
s i n c e  t h e  SiMeaPh group has  r o u g h ly  t h e  same l a b i l i t y  
p r o f i l e  toward a c i d s  and b a s e s  a s  t h e  MeaSi-  group.  
However, u s i n g  TLC on s i l i c a  g e l ,  e l u t i n g  w ith  207. e t h y l
61
a c e t a t e / h e x a n e ,  £461 was c o n v e r t e d  t o  £371 w ith  a 
c i s s t r a n s  r a t i o  1 6 :8 4 .  £463 which appeared t o  be a m ix tu r e  
o f  two i s o m e r s  w ith  a 0 6 : 1 4  r a t i o  was h yd ro ly z ed  t o  £371 
by e i t h e r  one o f  t h e  f o l l o w i n g  methods: i .  t r e a tm e n t  o f
£463 in  a m ix tu r e  o f  AcOH-HaD-THF, i i .  same a s  above but  
fo l lo w e d  by r e f l u x i n g  w i th  EtaN. The l a t t e r  i s  t h e  l e a s t  
favo red  method b e c a u se  i t  g i v e s  £371 in  20"/. y i e l d ,  
compared t o  50% y i e l d  in  t h e  former method.
Compare t h e  a l k y l a t i o n  o f  s i l y l  en o l  e th e r  £381,  which  
g i v e s  somewhat more c i s -£3 73  than t r a n s - £ 3 7 1  <53:47 r a t i o ) ,  
t o  t h e  c o n j u g a t i o n  a d d i t i o n  o f  o r g a n o c u p r a te  t o  £451,
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which p r o v i d e s  c i s i t r a n s  C373 i n  2 2 i 7 8  and 16>84 r a t i o s .  
O b v io u s ly  t h e  l a t t e r  r e a c t i o n  g i v e s  more s t e r e o s p e c i f i c  
product  than t h e  former.  T h is  f a c t  might be due t o  t h e  
n a tu r e  o f  t h e  i n t e r m e d i a t e s  C383 v s .  C463107. The p r o t o ­
n a t i o n  o f  t h e  e n o l a t e  ( a f t e r  t h e  a l k y l a t i o n  o f  C3B3), 
which a f f o r d s  C373, might be k i n e t i c a l l y  c o n t r o l l e d .  In 
c o n t r a s t , t h e  h y d r o l y s i s  o f  C463 p robab ly  i s  thermodyna­
m i c a l l y  c o n t r o l l e d .
B. Convers ion  o f  k e to n e  t o  o l e f i n !
1. I n t r o d u c t i o n !
The r e d u c t i v e  d e h y d r a t io n  o f  k e t o n e s  t o  form o l e f i n s  
has  been accom pl ish ed  in  a v a r i e t y  o f  ways w i th  g e n e r a l l y  
o n ly  moderate  s u c c e s s 100 such a s  t h e  S h a p ir o 100 m o d i f i ­
c a t i o n  o f  t h e  Bam ford-Stevens  r e a c t i o n ,  t h e  n i c k e l  red uc ­
t i o n  o f  a t h i o k e t a l 110, t h e  l i t h iu m / a m i n e  r e d u c t i o n  o f  
N,N,N’ , N * , - t e t r a m e t h y l p h o s p h o r o d i a m id a t e s 111 . Among t h e  
more r e c e n t  and b e t t e r  ways t o  make t h i s  c o n v e r s i o n  a re  
t h o s e  i n v o l v i n g  h y d ro b o ra t io n  or hyd ro a lu m in a t io n  o f  
a f u n c t i o n a l  o l e f i n  d e r iv e d  from t h e  k e to n e .  Thus,  
o l e f i n s  have been prepared from t h e  h y d ro b o ra t io n  o f  e n -  
a m in e s113 or en o l  a c e t a t e s 113 when t h e  i n t e r m e d i a t e  o r g a -  
noborane i s  t r e a t e d  w ith  a c id  or v i a  t h e  h y d ro a lu m in a t io n  
o f  enam ines11'* or enol  e t h e r 113 where t h e  e l i m i n a t i o n
&3
o c c u r s  s p o n t a n e o u s l y .  Larson and h i s  r e s e a r c h  group have  
r e p o r t e d  a s y n t h e s i s  o f  o l e f i n s  v i a  h y d r o b o r a t io n  o f  c y ­
c l i c  t r i m e t h y l s i l y l  e n o l  e t h e r s  a c c o r d i n g  t o  t h e  s e q u e n c e  
i n  Scheme 27 be low i
L a r s o n ' s  r o u t e  i s  a d v a n ta g eou s  s i n c e  s i l y l  e n o l  e t h e r s  
can be  g e n e r a t e d  under c o n d i t i o n s  o f  e i t h e r  k i n e t i c  
or e q u i l i b r i u m  c o n t r o l .  Thus, a c o n s i d e r a b l e  r e g i o s e l e c -  
t i v i t y  o f  t h e  o l e f i n  form at ion  can be  a t t a i n e d .  S e v e r a l  
methods among t h o s e  l i s t e d  above were examined for  c o n v e r ­
s i o n s  o f  C373 t o  3-C5—a c e t o x y p e n t y l ) —4—e t h y l c y c l o p e n t e n e .  
The r e s u l t s  £ r e  r e p o r t e d  be low .
2 .  C o n v er s io n  o f  C373 t o  3 —(5—a c e t o x y p e n t y l >—4 —e t h y l — 
c y c l o p e n t e n e  C201:
In a s e a r c h  for  a p p r o p r i a t e  r e a c t i o n  c o n d i t i o n s  for  
a c o n v e r s i o n  o f  c y c l i c  k e t o n e s  t o  a l k e n e s ,  s i x  e x p e r im e n t s  
(from a t o  f )  were done,  and t h e i r  r e s u l t s  a r e  r e p o r t e d  
h e r e .  The r e a c t i o n s  were c a r r i e d  out  under t h e  f o l l o w i n g  
c o n d i t i o n s :
a .  The s i l y l  e n o l  e t h e r  o f  c y c lo h e x a n o n e  a s  a model 
compound was r e a c t e d  w i th  AlHa ( g e n e r a t e d  in  s i t u  by t h e
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r a a c t i o n  o f  LiAlH* and A lC ls )  t o  g i v a  d i f f a r a n t  out comas 
dapanding on t h a  r a a c t i o n  c o n d i t i o n s  ( r a t i o  o f  A l C l a . t o  
LiAll-U, r e f l u x  t im e  and work-up p r o c e d u r e ) .  The r e s u l t s  
a r e  summarized in  Tab le  1. T h is  method i s  u n s a t i s f a c t o r y  
under any o f  t h e  c o n d i t i o n s  t r i e d ,  s i n c e  o n l y  low y i e l d s  
o f  c y c lo h e x e n e  were o b t a i n e d .
Tab le  1
R a t i o  o f
S.
Color o f R e f lu x in g Gas Work-uD R e s u l t s :
AlCla/LAH AlCla t im e
1 :3 Y e l1ow 48h n2 i . i  .
1 :3 Black 47h Ar i i . i  i .
1: 2 . 8 8 Yel low 20h Ar i i i . i i i .
Work-up: i 5M HCl i i .  5M HCl; c o ld  s a t . NaHCOs.
i i i .  0.5M HCl; c o ld  s a t .  NaHCOa.
R e s u l t s : i .  Cyclohexanone (84%), dimer o f  c y c lo h e x e n e
(2%) Cbased on GC a r e a s ! .
i i .  Cyclohexanone (major) and c y c l o h e x e n e  (mi­
nor)  Cbased on bp and a q u a l i t a t i v e  t e s t
for  C=C3.
i i i .  Cyclohexanone.  C yc lohexen e  was not de­
t e c t e d  by l H NMR and MS.
b. The d e c o m p o s i t io n  o f  s u l f o n y l h y d r a z o n e  s a l t s  i s  
known t o  produce o l e f i n i c  compounds v i a  a c a rb en o id
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mechanism, e s p e c i a l l y  when c a r r i e d  out  in  an a p r o t i c
medium*1* .  Use o f  t h i s  r e a c t i o n  for  p er form ing  t h e
c o n v e r s i o n  o f  k e t o e s t e r  E373 t o  t h e  u n s a t u r a t e d  compound 
appeared t o  be  worth i n v e s t i g a t i n g ,  s i n c e  carbonium io n
i n t e r m e d i a t e s  would be a v o id e d .  The m ix tu r e  o f  c i s  and 
t r a n s  k e t o e s t e r s  E37D was r e a d i l y  c o n v e r t e d  t o  a m ix tu re  
o f  t h e  c o r r e s p o n d in g  t o l u e n e s u l f o n y l h y d r a z o n e s  by t r e a t ­
ment w i th  t o l u e n e s u l f o n y l h y d r a z i n e  in  e th a n o l  a t  r e f l u x  
for  3 h.  D e co m p o s i t ion  o f  t h e  t o s y l h y d r a z o n e  was c a r r i e d  
out  by add ing  i t  t o  2 . 7  e q u i v a l e n t s  o f  LDA a t  -78°C for  
10 min and s t i r r i n g  t h e  r e a c t i o n  m ix tu r e  a t  room tem pera­
t u r e  o v e r n i g h t .  The r e s u l t s  were not  c o n s i s t e n t  over two
r u n s .  One run g a ve  14.3% o f  E583 based  on GC. The another  
run a f f o r d e d  no E5B3 but gav e  17 u n i d e n t i f i e d  components  
which were  d e r i v e d  from t h e  u n s t a b l e  t o l u e n s u l f o n y l h y d r a -  











c .  The S h a p iro  r e a c t i o n  a s  d e s c r i b e d  above was 
a l s o  a p p l i e d  t o  2—<5—a c e t o x y p e n t y l ) c y c l o p e n t a n o n e  £433.  
The t o s y l h y d r a z o n e  o f  E433 (prepared  a s  in  par t  b)
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was r e a c t e d  w ith  2 . 9  e q u i v a l e n t s  o f  LDA a t  -58°C
over 10 min. The l i g h t  y e l l o w  r e a c t i o n  m ix tu r e
t u r e  was warmed t o  room te m p er a tu r e  ( 2 3 9C),  s t i r r e d  a t
23^C for  5 h, , and worked up.  A ccording  t o  GC/MS 57. o f
3 —<5—a c e t o x y p e n t y l ) c y c l o p e n t e n e  C471 was o b t a i n e d .  In 
another  c a s e ,  t r i i s o p r o p y l b e n z e n e s u l f o n y l h y d r a z i n e  i n ­
s t e a d  o f  t o l u e n e s u l f o n y l h y d r a z i n e  was used  in  a con­
v e r s i o n  o f  C432 t o  i t s  c o r r e s p o n d in g  hyd razone ,  which was 
t r e a t e d  w i th  MeLi ( 6 . 2  e q u i v a l e n t s )  a t  -40°C  for  5  min.  
A fte r  warming t o  room te m p e r a tu r e  CRT), t h e  l i g h t  y e l l o w  
s u s p e n s i o n  was s i r r e d  a t  RT for  7 . 5  h and worked up.  
No product  C471 was o b t a i n e d  based  on 1H NMR and MS 
a n a l y s e s .  The s t a r t i n g  m a t e r i a l  [431 (major) a lo n g  w ith  
t e n  u n i d e n t i f i e d  components  (minor)  were o b t a i n e d .  
(Scheme 2 9 ) .
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Thus t h e  d e c o m p o s i t io n  o f  s u l f o n y l h y d r a z o n e  s a l t s  
i s  not u s e f u l  t o  produce t h e  o l e f i n i c  compounds from 2 - ( 5 -  
a c e t o x y p e n t y l ) - 3 - e t h y l e y e l o p e n t e n o n e  [373 and 2 - ( 5 - a c e t o -  
x y p e n t y l ) c y c l o p e n t a n o n e  [433 s y s t e m s .
d.  M o th er w e l l10"** has  r e p o r t e d  t h a t  a c o n v e n ie n t  
method for  s y n t h e s i s  o f  o l e f i n s  i s  t h e  r e a c t i o n  o f  a l i c y -  
c l i c  k e t o n e s  w ith  MeaSiCl and Zn in  e th e r  s o l u t i o n .  The 
r e p o r t  has  r e v e a l e d  t h a t  p r e p a r a t i v e l y  u s e f u l  y i e l d s  can 
be o b t a in e d  under e x c e p t i o n a l l y  mild  c o n d i t i o n s .  In par­
t i c u l a r ,  t h e  s u c c e s s f u l  c o n v e r s i o n  o f  t h e  f u n c t i o n a l i z e d  
c y c lo h e x a n o n e s  Cbromo, a c e t o x y )  h i g h l i g h t s  t h e  s e l e c t i v e  
n a tu r e  o f  t h e  p r o c e s s .  Moreover, t h e  r e a c t i o n  i s  e a s i l y  
c a r r i e d  out in  a s i n g l e  r e a c t i o n  v e s s e l ,  and t h u s  i s  much 
more c o n v e n ie n t  than e x i s t i n g  m ethods10"-1 i n c l u d i n g  t h e  
Sh ap iro  r e a c t i o n . 100
The k e to  e s t e r  [433 (1 e q u iv )  in  e th e r  was added t o  a 
r a p i d l y  s t i r r e d  s u s p e n s io n  o f  Zn (10 e q u iv )  in  dry e th e r  
c o n t a i n i n g  MeaSiCl (5  e q u iv )  a t  room tem p erature  for 12 
d a ys .  The r e a c t i o n  l e d  t o  65% o f  s t a r t i n g  m a t e r i a l ,  107. 
o f  a m ix tu re  o f  [473 and C483 ( r a t i o  10*90) and s u r p r i ­
s i n g l y ,  6% o f  2 - ( 5 - a c e t o x y p e n t y l ) e t h y l c y c l o p e n t e n e  [493  
were o b ta in e d  (based on GC, MS, and *H NMR a n a l y s e s ) .  
The s t r u c t u r a l  a ss ignm ent  o f  [473 and [483 was based on 
t h e i r  *H—NMR spectrum which showed 2 v i n y l i c  hydrogen
6b
s i g n a l s  a t  S . 69 and 5 . 3 9 ,  r e s p e c t i v e l y .  £491 was
t e n t a t i v e l y  i d e n t i f i e d  by i t s  MS fra g m e n ta t io n  p a t ­
t e r n .  The e t h y l  group in  £493 p erh ap s  was d e r iv e d  from 
a c l e a v a g e  o f  e t h e r  i n  t h e  r e a c t i o n  medium. In a s i m i l a r  
e x p e r im e n t ,  t h e  k e t o  e s t e r  £431 was r e f l u x e d  w ith  Zn (10  
e q u i v )  and MeaSiCl (10  e q u iv )  t o  a f f o r d  61% o f  a m ix ture  
o f  £471 and £48] ( r a t i o  3 3 : 6 7  r e s p e c t i v e l y ,  de term ined  by 
GC a r e a s ) (S c h e m e  3 0 ) .  Thus, u n f o r t u n a t e l y ,  t h e  c o n d i t i o n s  
r e q u i r e d  t o  a c h i e v e  r e a s o n a b l e  c o n v e r s i o n s  l e d  t o  lowered  
r e g i o s p e c i  f i c i t y .
A ccord in g  t o  Hodge and Khan, t h e  mechanism11"7, o f  t h e  
d e o x y g e n a t io n  r e a c t i o n  i s  p r o b a b ly  c l o s e l y  r e l a t e d  t o  
t h a t  o f  t h e  Clemenson r e d u c t i o n .  I t  p r o c e e d s  through a 
v e ry  bu lky  i n t e r m e d i a t e  such a s  £A1. T h is  may be  formed 
v i a  t h e  r a d i c a l  an ion  o f  t h e  k e to n e  and may r e a c t  fu r th e r  
t o  g i v e  a c a r b e n o i d 10"** which i n s e r t s  i n t o  a n e ig h b o r in g
Scheme 30
rt
R c M i'm * 7 .7  7 9  M-.ff 9 , 0
*0% +or L47> &s % 5 i%
R.0+.0 L 4 l ] ( + 0 )  IO 9 0  C l ^ r u o d j t R T j
S3 67 reflirtcd)
69
C-H bond t o  y i a l d  an o l e f i n .  Soma av id a n ca  s u p p o r t in g  th a  
c a r b e n o id  in t e r m e d ia c y  a r e :  i .  t h e  i s o l a t i o n  o f  b i c y c l o -
C3,3 , O lo c ta n e  from t h a  r e a c t i o n  w ith  c y c l o o c t a n o n e ,  i i .  a 
s i m i l a r  t y p e  o f  carb ano id  s p e c i e s  has  a l s o  been proposed  
in  t h e  r e a c t i o n  o f  banzaldahyde  w ith  BFa and Zn*10 , i i i .  
t h a  mechanism i s  a l s o  c o n s i s t e n t  w ith  t h e  o b ser v ed  r e g i o -
Z h  Z . y\ z L  m
L A ]
s e l e c t i v i t y  in  t h a  c a s e  o f  2 - m e t h y lc y c l o h e x a n o n e 10013 
(methyl  c y c l o h e x e n e  and 3-m ethy l  c y c l o h e x e n e  in  a 3 . 3  : _1_ 
r a t i o )  and C433 < C481 and C471 formed in  a _9_ : _1_ r a t i o  
i f  run a t  room tem p era tu re  and in  a 2. : JL_ r a t i o  i f  
r e f l u x e d ) .
e .  The h y d ro b o ra t io n  o f  t r i m e t h y l s i l y l  eno l  e t h e r s  
o c c u r s  t o  p l a c e  t h e  boron atom on t h e  ft - ca r b o n  o f  t h e  
d o u b le  bond110t*. In a c y c l i c  sy s te m s  th e -  r e s u l t i n g  
- t r i  methyl  s i  1 oxyorganoborane i s  not s t a b l e ,  undergo ing  
a r a p id  e l i m i n a t i o n  t o  form o l e f i n ,  which i s  then  
h y d ro b o ra te d .  113t** 130 However, t h e  t r a n s -  {% - t r i m e t h y l -  
s i l o x y o r g a n o b o r a n e s  t h a t  r e s u l t  from t h e  h y d ro b o ra t io n
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o f  c y c l i c  t r i m e t h y l s i l y l  e n o l  e t h e r s  a r e  much more 
s t a b l e  and a r e  c o n v e r t e d  t o  c y c l i c  o l e f i n s  upon t r e a t ­
ment w i th  an a c i d i c  c a t a l y s t .  There  a r e  a v a r i e t y  o f  
a c i d s  which c a t a l y z e  t h e  e l i m i n a t i o n  r e a c t i o n ,  i n c l u ­
d in g  c a r b o x y l i c  a c i d s ,  BF=» e t h y l  e t h e r a t e  or s im p ly  
aqueous HCl. Aqueous HCl i s  used  a s  t h e  most c o n v e n i e n t .  
F o l lo w in g  L a r s o n ' s  method113* t o  s y n t h e s i z e  an o l e f i n  
from a c y c l i c  k e t o n e ,  t h e  k e t o  e s t e r  £433 Cl e q u iv )  was 
c o n v e r t e d  t o  t h e  s i l y l  e n o l  e t h e r  under k i n e t i c  c o n d i ­
t i o n s  by t r e a tm e n t  w i th  LDA C6.5 e q u i v )  a t  -78°C  and 
MeaSiCl CIO.8 e q u i v ) .  A m ix tu re  o f  £501,  £511,  £B1 and
£431 Cin t h e  r a t i o :  27%, 29%, 3% and 18%, r e s p e c t i v e l y ,
based  on GC a r e a s )  was formed, t r e a t e d  w i th  BHa.THF 
C4.78 e q u i v )  th en  w i th  aqueous HCl, and r e f l u x e d  for  4 h.
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The r e s u l t i n g  crude  product  c o n s i s t e d  o f  [ 4 7 3 ,  [5 2 3 ,  [Br 3 
and [533 < r a t i o :  107., 14%, 3% and 70% r e s p e c t i v e l y ,  by 
GC> and was p r e p a r a t i v e l y  chromatographed t o  produce  a 
m ix tu r e  o f  [473 and [523 (23% y i e l d  i f  c a l c u l a t e d  by MW 
o f  [523 and 29% y i e l d  by MW o f  [4 7 3 )  (Scheme 31 a b o v e ) .
f .  The p r e s e n c e  o f  t h e  e s t e r  f u n c t i o n  in  [433 makes 
t h e  s i l y l  e n o l  e th e r  and product  form at ion  more complex a s  
se e n  a b o v e .  The problem can be a v o id e d  by c o n v e r t i n g  t h e  
k e t o  e s t e r  [433 t o  k e to  a l c o h o l  [ 5 3 3 .  H y d r o l y s i s  o f  [433  
w ith  7% m e th a n o l i c  KOH gave  [533 in  74% y i e l d .  The r e a c t ­
io n  o f  [533 w ith  LDA ( 3 . 2  e q u iv )  a t  - 7 8 ° C was f o l lo w e d  by 
q uench ing  o f  t h e  an ion  w ith  MeaSiCl ( 5 .1  e q u i v )  t o  pro­
v i d e  e x c l u s i v e l y  t h e  u n s t a b l e  s i l y l  e n o l  e t h e r  [5 4 3 .  
H ydroborat ion  o f  [543 w ith  borane  in  THF ( 1 . 3  e q u i v )  was
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f o l lo w e d  by e l i m i n a t i o n  from t h e  r e s u l t i n g  t r i m e t h y l s i l o x y  
organoborane  in  aqueous HCl. The r e a c t i o n  m ix tu r e  was r e -  
f l u x e d  for 4 h t o  a f f o r d  C523 in  44.2% GC y i e l d  (11.7% 
i s o l a t e d  y i e l d ) .  No a t t e m p t s  have been made t o  o p t i m i z e  
t h e  y i e l d .  I t  i s  no ted  t h a t  ag a in  t h e  S h ap iro  r e a c t i o n  o f  
t h e  k e t o  a l c o h o l  C53D with  t o l u e n e s u l f o n y l h y d r a z i n e  in  
EtOH and w ith  MeLi gave  no C523. Thus t h e  s y n t h e s i s  o f  t h e  
o l e f i n  C523 v i a  h y d ro b o ra t io n  o f  t h e  s i l y l  eno l  e th e r  
(Scheme 32)  i s  t h e  b e s t  method among t h e  s i x  l i s t e d  e x p e r ­
im e n t s .  The low y i e l d  for  t h e  k e t o  a l c o h o l  C533 sy s tem  can  
be a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  i n t e r m e d i a t e  organobo­
rane  un d erg oes  an e l i m i n a t i o n  b e f o r e  t h e  a d d i t i o n  o f  t h e  
a c id  and t h a t  t h e  r e s u l t i n g  C523 i s  then  hyd ro b o ra ted .  I t  
i s  no ted  t h a t  h y d ro b o ra t io n  e l i m i n a t i o n  s e r v e s  v e ry  w e l l  
for  t h o s e  s y s t e m s  which a r e  sym m etr ica l  and work w e l l  for  
t h o s e  s y s t e m s  in  which t h e  t r i m e t h y l s i l y l  eno l  e th e r  
co u ld  e i t h e r  be  s e l e c t i v i l y  prepared  ( k i n e t i c  or thermody­
namic c o n d i t i o n s )  a s  s e e n  above .
A f te r  s i x  i n i t i a l  a t t e m p t s  had been examined and t h e  
b e s t  c o n d i t i o n s  for  t h e  c o n v e r s io n  c h o se n ,  t h e  s y n t h e s i s  
o f  E573 from C373 was c a r r i e d  out  bv t h e  seq u en ce  o f  s t e p s  
in  Scheme 33 .  The k e t o  a l c o h o l  C553 (1 e q u iv )  was formed
in  86% y i e l d  (c i s / t r a n s  = 2 7 / 7 3  by GC) by tre a tm en t  o f  
C37D w ith  7% e t h a n o l i c  KOH a t  room tem p erature  for 24 h.  
E553 was then  r e a c t e d  w ith  LDA ( 2 . 0 5  e q u iv )  a t  - 7 8 ° C and 
quenched w ith  MeaSiCl ( 3 . 4 5  e q u iv )  t o  g i v e  a m ix tu r e  o f
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u n s t a b l e  s i l y l  eno l  e t h e r  C561 and i t s  p o s i t i o n a l  isomer  
( r e t e n t i o n  t im e  13 .1  and 1 3 .2  m in ) ,  r a t i o  3 7 : 6 3 ,  r e s p e c ­
t i v e l y ) .  The m ixture  C56D was hydrob orated  by BHa.THF 
( 1 . 7 5  e q u i v ) ,  f o l lo w e d  by t r e a tm e n t  w i th  aqueous HCl un­
der r e f l u x  fo r  4 h. The 3 - ( 5 - h y d r o x y p e n t y l ) - 4 - e t h y l c y c l o -
Scheme 33 .
G :et
CIS : TCAiJS CS7l  
17 ? 75
E+
Cl* : TRAmA t s r t  +•'-.« is,2 is . i
(C a n iw f  d t i t r m m t J )  R a < i. 6 3  5 7
a :CHt)s0Ac 
t
cis : re* us 
3 0  T 70
a
’W ,O H
CIS ; TRAUS {S7~] 
5Z ■ 6  6
p e n t - 2 - e n e  C573 was o b t a in e d  from C55D in  63% y i e l d  ( c i s : 
t r a n s  * 3 2 : GB based on *H NMR, 400 MHz). A c e ty l  a t i o n  o f  
C573 in  a c e t i c  anhydride  and p y r i d i n e  a f f o r d e d  3 - ( 5 - a c e -  
t o x y p e n t y l ) —4—e t h y l c y c l o p e n t e n e  in  99 % y i e l d  ( c i s : t r a n s  — 
3 0 : 7 0  based  on XH NMR, 400 MHz).
3 .  Summary o f  R ou tes  t o  C203: The s y n t h e s e s  o f  C20]
from 2—e y e l o p e n t e n o n e  (Route A) and 2 - c a r b o m e t h o x y c y c lo — 
p entanone  (Route G) a r e  summarized in  Scheme 34 .  In 
r o u t e  A, EtaCuLi was c o n j u g a t i v e l y - a d d e d  t o  2 - c y c l o p e n -
t e n o n e ,  and t h e  r e s u l t i n g  e n o l a t e  was trap ped  w ith  
MeaSiCl t o  p r o v id e  t h e  i n t e r m e d i a t e  C38] in  65 7. y i e l d .  
The l i t h i u m  e n o l a t e  was g e n e r a te d  r e g i o s p e c i f i c a l l y  from 
C3B] w i th  LiNHa in  NHa-THF and th en  a l k y l a t e d  w ith  C403 
t o  produce  a 53:  4J r a t i o  o f  t h e  c i s  and t r a n s  isomer C373 
in  415£ y i e l d  ( o p t i m i z e d ) .  C37] was a l s o  prepared  from 2 -
Scheme 3 4 .




i i i  . L i ,  N H a ; i v .  B r (C H a )s O A c ;  v .  N H * C 1 ;
v i  . KaCOa/ Acetone  then  i v ;  v i i .  AcOH/257. HCl;
v i i i .  CaCOa/ CHCla.Bra/ CC1.*;
i x  . LiaCDa, LiBr,  DMF; x. EtMgBr-Cul then  v;
x i  . AcOH-THF-HaO; x i i .  77. KOH/EtOH; x i i i .  LDA, -7B C
x i v  . BHa-THF; xv.  aq.HCl; x v i . AcaO, p y r i d i n e .
carb om eth o x ycyc lop en ta n o n e  C413 (Route  B) by t h e  f o l l o w -
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in g  s e q u en ce  o f  6 s t e p s :  i .  t h e  a l k y l  a t i o n  o f  £413 w ith
£403 in  t h e  p r e s e n c e  o f  KsCOs/acetone a f f o r d e d  £423 in  
77% y i e l d ,  i i .  t h e  h y d r o l y s i s  and d e c a r b o x y la t i o n  o f  £423 
were c a r r i e d  out  by r e f l u x i n g  in  aqueous a c id  (AcOH/25% 
HC1) t o  g i v e  £433 in  75% y i e l d  . i i i .  t h e  c o n v e r s i o n  o f  
£433 t o  £453 was accom plish ed  by h a l o g e n a t i o n  o f  en o l  
a c e t a t e  £443, and su bsequent  d e h y d r o h a lo g e n a t io n .  Enol 
a c e t y l a t i o n  o f  £433 w ith  r e f l u x i n g  a c e t i c  anh y d r id e  and 
p - t o l u e n e s u l f o n i c  a c id  c a t a l y s t  p rov ided  £443 in  58% 
y i e l d .  Brom ination o f  £443 was done in  a t h r e e  phase  r e ­
a c t i o n  medium (CaCOa/CHCla and Bra/CCl.*) t o  produce  b r o -  
m oketones ,  which were t r e a t e d  w ith  t h e  L i B r / L i 2C03 in  DMF 
t o  form £453 in  52% y i e l d  from £443. The c o n j u g a t e  a d d i ­
t i o n  o f  t h e  e t h y l  group a t  t h e  f t -ca rbo n  atom o f  £453 was 
performed by u s in g  e i t h e r  Et=CuLi in  t h e  p r e s e n c e  o f  
MesSiCl or EtMgBr—Cul,  and f o l lo w e d  by t h e  h y d r o l y s i s  o f  
t h e  i n t e r m e d i a t e s  o f  t h e  c o n j u g a t e  a d d i t i o n  r e a c t i o n .  The 
b e s t  y i e l d  (50% w ith ou t  o p t i m i z a t i o n )  o f  £373 w ith  more 
t r a n s  than  c i s  isomer ( r a t i o  7 8 : 2 2 )  was o b t a in e d  w ith  
Et^CuLi. The o v e r a l l  y i e l d  for  t h e  form ation  o f  £373 from 
2 -ca rb o m eth o x y c y c lo p e n ta n o n e  (Route  B) was 8.7%, compared 
t o  28.7% from 2—c y c l o p e n t e n o n e .  The more s t e p s  (6  s t e p s )  
caused  t h e  lower y i e l d  o f  £373 in  r o u t e  B. However, 
r o u t e  B gave  more s t e r e o s p e c i f i c  product  £373 than r o u t e  
A t o  compensate  t h e  lower y i e l d .  The k e t o e s t e r  £373 was 
c o n v e r te d  t o  t h e  c o r r e so o n d in g  s i l y l  eno l  e t h e r  £563 v i a
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t h e  k e to  a l c o h o l  £553, which was h y d ro b o ra tsd .  Then t h e  
i n t e r m e d i a t e  o f  t h e  h y d ro b o ra t io n  r e a c t i o n  underwent a  
r e g i o s p e c i f i c  e l i m i n a t i o n  on tr e a tm e n t  w ith  aqueous HC1 
t o  y i e l d  t h e  s p e c i f i c  a lk e n e  £573. The p r e p a r a t io n  o f  
£203 (c i s a t r a n s  isomer in  a 30:70 r a t i o )  was a ccom p l ish ed  
w ith  a c e t y l a t i o n  o f  £573 in  t h e  p r e s e n c e  o f  a c e t i c  anhy­
d r i d e  and p y r i d i n e  a s  d e s c r i b e d  above .  The o v e r a l l  y i e l d  
o f  £203 from £373 was 557. .
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C. C o n v f l o n  o f  k e t o n e s  t o  a l k a n s s  i
1. I n t r o d u c t i o n !
Thora « r i  v a r i o u s  ways o f  ra d u c in g  t h a  C«0 group o f  
k a to n a s  t o  -CH3-  131. Tha two most im portant  mathods ara  
t h a  Clammanaan r e d u c t i o n ,  c o n s i s t i n g  o f  h e a t i n g  t h e  k aton e  
w ith  Zn amalgam and aqueous HC1133, and t h e  Mol f f -K ish n er  
r e d u c t i o n 133 , in  which t h a  katone  i s  h e a ted  w ith  h y d r a z in e  
h y d ra te  and a b a s e  ( u s u a l l y  NaOH or KOH). Tha Huang-Milon  
m o d i f i c a t i o n 13’* o f  t h a  Mol f f -K ish n a r  r e a c t i o n ,  in  which  
t h e  r e a c t i o n  i s  c a r r i e d  out  in  r e f l u x i n g  d i a t h y l e n e  
g l y c o l ,  h a s  c o m p l e t e ly  r e p la c e d  t h e  o r i g i n a l  p r o c ed u r e .  
The Clemmensen and M o lf f -K ish n er  r e a c t i o n s  a r e  complemen­
t a r y ,  s i n c e  t h e  former u s e s  a c i d i c  and t h e  l a t t e r  b a s i c  
c o n d i t i o n s .  However, t h e  s ta n d a rd  p r o c e d u r e s  a r e  o f t e n  
a f f l i c a t e d  w ith  problem s.  In p a r t i c u l a r ,  t h e  r a th e r  v i ­
gorous  c o n d i t i o n s  and harsh r e a g e n t s  r e q u ir e d  for most 
methods p r e c lu d e  t h e  p r e s e n c e  o f  many o th e r  s u s c e p t i b l e  
f u n c t i o n a l  g r o u p s .  For example,  t h e  u s e  o f  s t r o n g  b a s e  
and h igh  t e m p e r a tu r e s  in  t h e  s tan dard  M o lf f -K ish n er  modi­
f i c a t i o n  in tr o d u ce d  by Cagl i o t i  13=l* ,  which i n v o l v e s  NaBH* 
r e d u c t i o n  o f  k e to n e  t o s y l h y d r a z o n e s ,  i s  a much m i ld er  pro ­
c e d u r e .  Neverther  l e s s ,  t h e  s e l e c t i v i t y  o f  b o r o h y d r id e  
i s  not  h igh  a t  t h e  r e d u c t i o n  te m p e r a tu r e s  ( r e f l u x i n g  
methanol or d i o x a n e ) .  For i n s t a n c e ,  concom itant  r e d u c t i o n  
o f  a c e t o x y  groups  was o b ser v ed  by C a g l i o t i 113 and
7b
r e d u c t i o n  o f  e s t e r s  by b o r o h y d r id e  h a s  been ob ser v ed  by 
o t h e r s 15**.
H u tch in s  and h i s  r e s e a r c h  g r o u p 137 have  r e p o r t e d  t h a t  
t h e  r e d u c t i o n  o f  a l i p h a t i c  k e to n e  t o s y l h y d r a z o n e s  w ith  
sodium cyanobo ro hyd r id e  in  a c i d i c  111 D l iF - s u l f o la n e  and 
c y c lo h e x a n e  p r o v i d e s  a m i ld ,  c o n v e n i e n t ,  and h i g h - y i e l d  
method for d e o x y g e n a t io n  w ith o u t  t h e  p r o d u c t io n  o f  s i d e  
p r o d u c t s .  A notew orthy  f e a t u r e  and advantage  o f  t h e  pro ­
c ed u r e  i s  s u p e r i o r  s e l e c t i v i t y ,  i n  t h a t  most o th e r  fu n c ­
t i o n a l  groups  ( i . e .  e s t e r )  a r e  not  a f f e c t e d  under t h e  
r e a c t i o n  c o n d i t i o n s ,  a l l o w i n g  c a r b o n y l s  t o  be  removed in  
t h e i r  p r e s e n c e .  Scheme 35 below i l l u s t r a t e s  t h e  e n v i s i o n ­
ed r e a c t i o n  path  i n  l i n e  w i th  t h e  p o s t u l a t e d  mechanism 
for b or o h y d r id e  r e d u c t i o n  o f  t o s y l h y d r a z o n e s 13* - 130 and 
t h e  known d e c o m p o s i t io n  pathway o f  d i a z e n e s 139 .
Scheme 3 5 .







The y i e l d  o f  hydrocarbon product  v a r i e d  c o n s i d e r a b l y  w ith  
s o l v e n t ,  t h e  most f a v o r a b l e  medium employed was a 1:1 
m ix tu re  o f  DNF and s u l f o l a n e .  S e v e r a l  o t h e r s  such a s  
s u l f o l a n e ,  DMF, HMPA, DMSO, d io x a n e ,  m ethanol ,  and
2-propan o l  g a ve  l e s s  s a t i s f a c t o r y  r e s u l t s 137. The c y ­
c lo h e x a n e  s o l u t i o n  i n  t h e  r e a c t i o n  m ixture  s e r v e s  two  
p u r p o s e s 137 . F i r s t ,  t h e  i m m i a c i b i l i t y  w ith  DMF and 
s u l f o l a n e  a l l o w s  t h e  hydrocarbon product  t o  be  removed 
from th e '  s o l v e n t s  a s  i t  i s  formed, t h i s  m in im iz es  con­
t a c t  o f  o th e r  f u n c t i o n a l  groups  w ith  t h e  r ed u c in g  sy s tem .  
S e c o n d ly ,  t h e  b la n k e t  o f  c y c lo h e x a n e  vapor p r e v e n t s  t h e  
d e s t r u c t i o n  o f  t h e  i n t e r m e d i a t e  d i a z e n e s  by o x y g e n 1'10, 
in  f a c t ,  i f  t h e  r e a c t i o n s  a r e  run in  t h e  p r e s e n c e  o f  
oxygen,  t h e  y i e l d s  o f  p r o d u c t s  a r e  g r e a t l y  reduced .
2 .  Convers ion  o f  £371 t o  2—<S—a c e t o x y p e n t y ) —l —e t h y l
c y c l o p e n t a n e  £181i
H u tch in s '  method was examined w ith  t h e  model 
compound £431 b e f o r e  a p p ly in g  i t  t o  £371. The 
k e t o e s t e r  £431 <1 mmol) and p - t o l u e n e s u l f o n y l h y d r a z i n e
<1.25  mmol) were d i s s o l v e d  in  5 mL o f  1:1 DM F-sulfo lane  
c o n t a i n i n g  25 mg o f  p - t o l u e n e s u l f o n i c  a c id  monohydrate.  
The s o l u t i o n  was h e a ted  t o  100 t o  105°C and NaBHsCN 
(4 mmol) th e n  5 mL o f  c y c lo h e x a n e  added. The r e a c t i o n  
m ixture  was r e f l u x e d  for 6 h t o  f u r n i s h  £591 and s t a r t ­
in g  m a te r ia l  £431 <53.8% and 38.9%, r e s p e c t i v e l y ,  based
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In a s i m i l a r  mamnner, C373 ( c i s / t r a n s  ■ 2 7 / 7 3 )  was 
t r e a t e d  w i th  p - t o l u e n e s u l f o n y l h y d r a z i n e  in  DM F-sulfo-  
l a n e  h a v in g  p - t o l e n e s u l f o n i c  a c i d  monohydrate a s  a 
c a t a l y s t ,  and NaBHsCN t o  g i v e  C1B3 and s t a r t i n g  m a t e r i ­
a l  C373 <197. and B17., r e s p e c t i v e l y ,  d e term ined  by
GC). The s t e r e o c h e m i s t r y  o f  C183 h a s  not  been d e t e r ­
mined ( s e e  s t e r e o c h e m i c a l  a ss ig n m en t  s e c t i o n  b e lo w ) .
The low y i e l d  o f  p r o d u c t s  may be due t o  s e v e r a l  
f a c t o r s .  T o sy lh y d ra zon e  form ation  i n  D M F-su lfo lane  was 
e x t r e m e ly  s lo w  and v a r y in g  amounts o f  t h e  k e t o n e s  were
r e c o v e r e d  unchanged even a f t e r  s e v e r a l  ho u rs  a t  100 t o
0105 C. The r e d u c t i o n s  o f  t h e  t o s y l h y d r a z o n e s  in  a c i d i c  
D M F-sulfo lane  were a l s o  s lo w .  The a c i d  c o n c e n t r a t i o n  
i s  an im portant  f a c t o r ,  a s  H u t c h i n s 13'7’ r e p o r t e d .  In­
c r e a s i n g  t h e  a c id  c o n c e n t r a t i o n  markedly a c c e l e r a t e s
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t h a  r e d u c t i o n  r a t a .  However, e t  pH lower th e n  c e .  1, 
d e s t r u c t i o n  o f  cyen oboronhyd rid e  a p p a r e n t ly  com petes  
w ith  r e d u c t i o n ,  r e s u l t i n g  i n  lower f i n a l  y i e l d s  o f  hy­
drocarbon p r o d u c t s .
I I I .  RESULTS AND DISCUSSION DF 6-MEHBERED RINQ SYSTEMS;
A. I n t r o d u c t i o n !
As mentioned e a r l i e r  in  t h e  i n t r o d u c t i o n  p ar t  o f  
t h e  r e s u l t s  and d i s c u s s i o n ,  t h i s  c h ap ter  i n t e n d s  t o  r e ­
v iew  p r e p a r a t i o n  o f  some , p  - d i  a l k y l  eye l o h e x a n o n e s .
1. Review o f  p r e p a r a t io n  o f  . p  - d i a l k y l c y c l o h e x a -  
n o n e s t
a .  General s t r a t e g y!
The se a r c h  for  a proper s t a r t i n g  m a t e r ia l  in  t h e  
s y n t h e s i s  o f  <=* ,  ̂ - d i a l  kyl eye  lo h e x a n o n es  i n v o l v e s  t h e  
same problem s d i s c u s s e d  e a r l i e r  w ith  r e s p e c t  t o  2 , 3 - d i -  
s u b s t i t u t e d  c y c lo p e n ta n o n e  s y n t h e s e s .  Cyclohexanone i s  
not a s u i t a b l e  p r e cu rso r  for t h e  same r e a s o n s  p r e s e n t e d  
in  t h e  c a s e  o f  c y c lo p e n t a n o n e .  S i m i l a r l y ,  2 - c y c l o h e x e -  
none,  2 - a l k y l c y c l o h e x - 2 - e n o n e s ,  and 2 , 3 - d i a l k y l c y c l o -  
h e x - 2 - e n o n e s  would be s u i t a b l e  s t a r t i n g  m a t e r i a l s .  The
3 - a l k y l c y c l o h e x - 2 - e n o n e s  and 3 - a l k y l - 2 - c a r b a l k o x y c y c l o ­
hexanon es  a r e  a d d i t i o n a l  p o s s i b i l i t i e s .  2 - c y c l o h e x e n o n e ,  
2 - a l k y l e y e l o h e x - 2 - s n o n e  and 2 , 3 - d i a l k y l e y e lo h e x - 2 - e n o n e  
a r e  c o n v e r t e d  t o  c* , (3 - d i a l k y l c y c l o h e x a n o n e s  by c o n ju g a ­
t e  a d d i t i o n - a l k y l a t i o n ,  c o n j u g a t e  a d d t io n ,  and hydroge—
ti2
n a t i o n  o f  -C“C- bondf r e a p e c t i v a l y .  R e d u c t i o n - a l k y l a t i o n  
or v i e *  v « r « a ,  and a l k y l a t i o n - d e e a r b o x y l a t i o n  a m  app­
l i e d  for c o n v a r i i o m  o f  3 - a l k y l c y c l o h e x - 2 - e n o n e a  and 3 -  
a lk y l - 2 - c a r b a l k o x y c y c l o h e x a n o n e a  t o  cA , p  - d i a l k y l c y -  
c lo h ax a non a a ,  r a s p a c t i v a l y .
In g e n e r a l ,  t r  ana-2,, 3 - d i a l k y l e y e l o h e x a n o n e s  ara  
formad pradom inant ly  ovar t h a  c i s - i a o m a r  in  a l l  r e a c t — 
i o n a  notad abova a xeapt  in  t h a  h y d r o g a n a t io n s  o f  cA , p  — 
d i a lk y le y e lo h a x a n o n a a  which haa t h a  p o t a n t i a l  for  
g i v i n g  m ain ly  c i s - p r o d u c t . Tha a c t u a l  s t e r e o c h e m i c a l  
c o u r s e  o f  t h a  h yd ro g e n a t io n  r e a c t i o n  i s  i n f l u e n c e d  
by t h e  n a t u r e  o f  s o l v e n t s  and by t h e  p r e s e n c e  o f  
a c id  or b a s e  in  t h a  r e a c t i o n  m ix tu r e* 3 0 , t h e r e f o r e ,  
i t  i s  o f t a n  d i f f i c u l t  t o  p r e d i c t  t h e  s t e r e o ­
c h e m is tr y  o f  t h a  p r o d u c t s .  The d e t a i l e d  s t e r e o c h e m i s t r y  
o f  t h a  2 , 3 - d i a l k y l e y e l o h a x a n o n a a  in  each c o n v e r s i o n  w i l l  
be d i s c u s s e d  l a t e r .
b. C l a s s i f i c a t i o n  o f  s y n t h e s e s !
2 , 3 - d i a l k y l c y c l o h e x a n o n e  s y n t h e s e s  may be  d i v i d e d  
i n t o  4 major c l a s s e s :  i .  s y n t h e s e s  i n  which 2—a l k y l c y -  
c l o h e x - 2 - e n o n e s  a r e  t h e  p r e c u r s o r s ,  i i .  s y n t h e s e s  which  
commence e i t h e r  from 3—a l k y l c y c l o h e x —2—e n o n es  or 3—a l ­
kyl - 2 - c a r b a l k o x y c y c lo h e x a n o n e s ,  i i i .  s y n t h e s e s  in  which  
2 - a l k y l e y e 1 o h e x -2 -e n o n e s  a r e  used a s  t h e  s t a r t i n g  mate­
r i a l s .  i v .  s y n t h e s e s  in  which 2 , 3 - d i a l k y l c y c l o h e x - 2 - e n -
1 -o n e s  a re  t h e  f o r e r u n n e r s .
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2 .  C y c lo h e x -2 - e n o n e  p r e c u r so r s  c o n j u g a t e  a d d i t i o n  
a l k y l a t i o n  approaches;
Most methods which were d e s c r i b e d  in  t h e  p r e v i -  
o us  c h a p te r  i n v o l v i n g  a 2 - c y c l o p e n t e n o n e  p r e c u r so r  
co u ld  be  a p p l i e d  u s i n g  2 -  c y c l o h e x e n o n e .  N o y o r i ’ s  
method*'0 which was based on c o m b in a t ion  o f  o< - a l k o x y -  
a l  kyl a t  io n  o f  , (9 - u n s a t u r a t e d  k e t o n e s  i n  one  pot  w ith  
t h e  organocopper c o n j u g a t e  a d d i t i o n  r e a c t i o n  has  a l s o  
been used in  t h e  p r e p a r a t io n  o f  2 , 3 - d i a l k y l e y e l o h e x a ­
n o n es .  A t y p i c a l  example i s  i l l u s t r a t e d  by Scheme 37 .
Scheme 37.
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The Noyori method i s  c h a r a c t e r i z e d  by i n i t i a l  carb on—c a r ­
bon bond form ation  a t  t h e  ck - p o s i t i o n  o f  e n o n e s ,  which  
a v o i d s  form at ion  o f  c k , ^ - c o n d e n s a t i o n  p r o d u c t s .
Tamura and h i s  c o -w o r k e r s 61 found t h a t  t h e  O - d i -  
methyl - t - b u t y l  s i  1 y l  e n o l a t e  was o b t a in e d  from 2 - c y c l o h e x -  
enone and k e t e n e  s i l y l  a c e t a l s  in  a c e t o n i t r i 1e ,  and c o u ld  
be a l k y l a t e d  w ith  =* - c h lo r o m e th y l  phenyl  s u l f i d e  in  t h e  
p r e s e n c e  o f  T iC l* .  D e s u l f u r i z a t i o n  o f  t h e  product  w ith  
Raney n i c k e l  g av e  m e t h y l ( 2 - m e t h y l - 3 - o x o - c y c l o h e x y l ) a c e t -
a t * .  T h i s  v i c i n a l  d i a l k y l a t i o n  o f  2 - c y c l o h e x e n o n e  v i a  t h e  
e n o l a t e  had been a p p l i e d  in  t h e  s i m p l e  r o u t e  t o  - d i ­
a l  kyl c y c lo p e n t a n o n e *  from 2 - c y c l o p e n t e n o n e  a l r e a d y  se en  
b e f o r e  (Scheme 3 8 ) .  The r e a so n  why Tamura’ s  group d id  not  
s im p ly  a l k y l a t e  t h e  O - d i m e t h y l - t - b u t y l s i l y l  e n o l a t e  w i th
Mel was not  r e p o r t e d .  However, Weber"*"*1 has  n o te d  t h a t  
e n o l a t e  a n io n s  r e a c t  r e a d i l y  w ith  primary a l k y l  h a l i d e s  
by Sn2 d i s p la c e m e n t  r e a c t i o n  w h i l e  t r i m e t h y l s i l y l  en o l  
e t h e r s  o n l y  r e a c t  e a s i l y  w ith  b e n z y l i c ,  a l l y l i c  and t e r t ­
i a r y  a l k y l  h a l i d e s .  The u s e  o f  c< - c h l o r o a l k y l  phenyl  
s u l f i d e s  may overcome t h e  r e a c t i v i t y  l i m i t a t i o n  o f  
t r i m e t h y l s i  l y l  eno l  e t h e r s .  cA. - C h lo r o a l  kyl phenyl  
s u l f i d e  r e a c t s  w i th  t r i m e t h y l s i l y l  e n o l  e t h e r s  in  
t h e  p r e s e n c e  o f  TiCl<« or ZnBra t o  y i e l d  c * - C ° < - p h e n y l t h i o  
a l k y l )  k e t o n e s  whose o x i d a t i v e  s u l f u r  removal p r o v i d e s  
t h e  c * -m e t h y le n k e t o n e s .  A l t e r n a t i v e l y ,  s u l f u r  can be r e ­
moved r e d u c t i v e l y  by Raney n i c k e l  h y d r o g e n o l y s i s  t o  make 
a v a i l a b l e  a new method for t h e  r e g i o s p e c i f i c  c* - m e t h y l a -  





t i o n  t o  t h e  o th e r  methods o f  s i l y l  e n o l  e th e r  m e t h y l a t i o n ,  
namely form at ion  o f  t h a  d i r a c t a d  l i t h i u m  a n o l a t e  and 
a l k y l a t i o n  w ith  mathyl i o d i d a .  Tha a t t r a c t i v a  f a a t u r a s  o f  
t h a  r a a c t i o n  i n  which t h a  O - d i m a t h y l - t - b u t y l s i l y l  e n o l a t a  
was formad a ra  t h a t i  i .  t h a  usa  o f  a c a t o n i t r i l a  a s  a s o l  — 
vant  can g r e a t l y  anhanca t h a  r a a c t i v i t y  o f  t h a  a c a t a l  
toward t h a  anona w ith ou t  c a t a l y s t  t o  g i v e  a lm ost  q u a n t i ­
t a t i v e  y i e l d  o f  t h a  s i l y l  a n o l a t e ;  i i .  t h e  e n o l a t e  which  
i s  o b ta in e d  from t h a  anona d i r e c t l y  can be used  t o  
i n t r o d u c e  t h a  c< - s u b s t i t u e n t  r e a d i l y .
Posnar has  d e s c r i b e d  a p r o ced u re9,4, in  which 2 —c y c l o -  
hexenone r e a c t s  w ith  e x c e s s  l i t h i u m  d i b u t y l c u p r a t e  in  THF
Oa t  - 7 8  C for 30 min t o  produce t h a  c o r r e sp o n d in g  a n o l a t e  
i o n .  A d d i t io n  o f  e x c e s s  Mai i n  HMPA at  —7 B °C  and 
warming t o  between - 4 0  and - 3 0 ° C (but no h i g h e r )  
gave  t r a n s — and c i s - 3 - b u t y l - 2 - m a t h v le y e  1 ohaxanone in  7sJL 
r a t i o  in  847. y i e l d .  One l i m i t a t i o n  o f  t h i s  method was 
e n c o u n te r e d .  Tha p r e s e r v a t i o n  o f  e n o l a t e  r e g i o s p e c i f i c i t y  
during  a l k y l a t i o n  r e q u i r e s  t h a t  t h e  r a t a  o f  a l k y l a t i o n  be  
s i g n i f i c a n t l y  g r e a t e r  than proton  t r a n s f e r ^ 3 - . With v ery  
r e a c t i v e  e l e c t r o p h i l a s  such a s  b e n z y l i c  and a l l y l i c  h a l i ­
d e s ,  a l k y l a t i o n  i s  s i g n i f i c a n t l y  more rap id  than proton  
ex ch a n g e f and r e g i o s p e c i f i c  v i c i n a l  a l k y l a t i o n  r e — 
s u i t s 941- (Schama 3 9 ) .
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3 .  3 - A l k y l - 2 - c y c l o h e x e n o n e  or 3 - a l k y l - 2 - c a r b a l k o x y -  
c y c lo h e x a n o n e  p r e c u r s o r s i  r e d u c t i o n — a l k y l a t i o n  
or a l k y l a t i o n - d e c a r b o x y l a t i o n  a p p r o a c h e s :
The r e d u c t i o n —a l k y l a t i o n  pro ced u re  d e v e lo p e d  by S tork  
and c o -w o r k * r s ° * b o f t e n  p r o v i d e s  an e x c e l l e n t  method for  
d i r e c t i n g  a l k y l a t i o n  t o  r e l a t i v e l y  i n a c c e s s i b l e  ^ - p o s i t ­
i o n s  o f  unsym m etrica l  k e t o n e s ,  and i t  h a s  been a p p l i e d  
s u c c e s s f u l l y  in  a number o f  d e c a l i n ,  h y d r in dan one ,  and 
s t e r o i d  s y s t e m s .  In g e n e r a l  t er m s ,  t h e  p ro c ed u r e  i n v o l v e s !  
i .  g e n e r a t i o n  o f  a s p e c i f i c  l i t h i u m  e n o l a t e  o f  an unsymme­
t r i c a l  k e to n e  by r e d u c t i o n  o f  t h e  c o r r e s p o n d in g  <*. v  ̂ —un­
s a t u r a t e d  k e to n e  w ith  2 e q u i v a l e n t s  o f  Li in  l i q u i d  NHa 
and i i .  r e a c t i o n  o f  t h i s  e n o l a t e  w ith  an a l k y l a t i n g  ag e n t  
e i t h e r  in  l i q u i d  NHa or o th e r  s o l v e n t  s y s t e m .  Caine  and 
Chao133 have adapted S t o r k ’ s  method t o  t h e  p r e p a r a t i o n  o f
2 - a l l y l - 3 - m e t h y l c y c l o h e x a n o n e  a s  a 2 0 11 m ix tu r e  o f  t r a n s -  
and c i a —is o m e r s  i n  54—66% y i e l d  (Scheme 4 0 ) .  Again t h e
t*7
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s u c c e s s  o f  t h e  method depends upon t h e  now w e l l - e s t a b l i s h ­
ed f a c t  t h a t  a l k y l a t i o n  o f  s p e c i f i c  Li e n o l a t e s  o f  unsym-  
m e t r i c a l  k e t o n e s  w i th  r e l a t i v e l y  r e a c t i v e  a l k y l a t i n g  
a g e n t s  o c c u r s  f a s t e r  in  a v a r i e t y  o f  s o l v e n t s  than d o e s  
e q u i l i b r a t i o n  among t h e  s t r u c t u r a l l y  i s o m e r i c  e n o l a t e s  v i a  
p r o t o n - t r a n s f e r  r e a c t i o n s .
I t  sh o u ld  be  noted  t h a t  a l k y l a t i o n  o f  3 - m e t h y l - 2 - c y c l o -  
hexenone i n  e th e r  u s in g  sodium amide or sodium h y d r id e  
and in  t - b u t y l  a l c o h o l  c o n t a i n i n g  p o ta s s iu m  t - b u t o x i d e  
f a i l e d 1” .
Stork  and B e h a in 13* have r e p o r t e d  t h a t  s im p le  r (3 -un  
s a t u r a t e d  k e t o n e s  can be m o n oa lk y la ted  by making u s e  o f  
t h e  m e ta l lo e n a m in e s  d e r iv e d  from t h e  tr e a tm e n t  o f  t h e  c o r ­
r esp o n d in g  N - a l k y l i m i n e s  w ith  s t r o n g  b a s e s  (Scheme 4 1 ) .
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The r e l a t i v e l y  s lo w  proton  t r a n s f e r  w i th  im in e s ,  c o u p led  
w ith  t h e  r e l u c t a n c e  o f  enam ines  (and o f  m e ta l lo e n a m in e s )  
toward d i a l k y l a t i o n ,  a l l o w s  t h e  s u c c e s s  o f  t h i s  monoalky-  
1 a t  i  on .
3 - A 1 k y l - 2 - c a r b a lk o x y c y c l o h e x a n o n e s ,  which can be used  
in  2 , 3 - d i a l k y l c y c l o h e x a n o n e  s y n t h e s e s  by a l k y l a t i o n
and d e c a r b o x y l a t i o n ,  a re  prepared  by Yamamoto's1M  and 
T a b e r ' s  method13* .  These  methods a l s o  aim a t  e v e n t u a l  
p r e p a r a t io n  o f  2 , 3 - d i s u b s t i t u t e d  c y c l o p e n t a n o n e s .  Yama­
moto and T s u j i 130 have found t h a t  asymmetric  c y c l i z a t i o n s  
o f  (E )—3—oxo—9 -ph en oxy—7—non en o a te  or methyl (E) —3—o x o -  
9 - (m e th o x y c a r b o n y l> o x y - 7 - n o n e n o a t e  w i th o u t  added b a s e  can  
be c a r r i e d  out  i n  t h e  p r e s e n c e  o f  a c a t a l y t i c  amount o f  
P d ( I I )  a c e t a t e  and a c h i r a l  d i p h o s p h in e  l i g a n d  t o  form t h e  
c o r r e sp o n d in g  3 - a l k y l - 2 - c a r b a l k o x y c y c l o h e x a n o n e . ( S c h e m e  42)
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P J C sJ ( r ) b p p f a  p  r - x  f
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["6 P p p a  -  u ,  »J -  d tm c V h ij l  -  I -  I1, 2. _ b i 'j  C d f p h f t «  y  I ( v h e s j i h i  n o  ) |"e»“r - o c  t v i y l  3 e -H itjlo  w u 'n  e. J
Taber and h i e  r e s e a r c h e r s 1'*-7’ have  d e v i s e d  a g e n e r a l  
method for  t h e  p r e p a r a t io n  o f  a l k y l a t e d  c y c l o h e x a n o n e s  
( a l s o  fo r  c y c l o p e n t a n o n e s )  o f  h igh  o p t i c a l  p u r i t y .  The 
im portant  s t e p  i s  t h e  d i a z o  i n s e r t i o n - h o m o c o n j u g a t e  
a d d i t i o n  r o u t e .  T h is  o f f e r s  $he  a d v a n ta g e  t h a t  an e a r l y ,  
f l e x i b l e  i n t e r m e d i a t e ,  t h e  c y c l o p r o p y l  k e t o n e ,  i n c o r p o r a ­
t e s  t h e  key ^ —asymmetric c e n t e r  and s o  i s  a c a n d i d a t e  
for  r e s o l u t i o n .  Another a d v a n ta g e  o f  t h i s  approach i s  
t h a t  an o p t i c a l l y  pure  r e s o l v i n g  a g e n t  can be  i n c o r p o r a ­
t e d  d i r e c t l y .  (Scheme 4 3 ) .
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D ia z o tr a r t l .f e r
G u o l1 2e»tiun
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i l-, Betta.
4 .  2 - a l k y l —2 - c y c l o h e x e n o n e  p r e c u r s o r s !  c o n j u g a t e  
a d d i t i o n  a p p r o a c h e s i
2-A1k y l - 2 - c y c l o h e x e n o n e s  can undergo c o n j u g a t e  ad­
d i t i o n  o f  o r g a n o m e t a l l i c  r e a g e n t s  t o  form c* , ft - d i a l k y l -  
c y c l o h e x a n o n e s .  The s y n t h e s e s  o f  t h e  p r e c u s o r s  a r e  d e s ­
c r i b e d  be lo w .
2 - M e t h y l - 2 - c y c l o h e x e n o n e  has  been prepared  from 2 -  




(rtahiArnol-o'i. M tUtod ) 
Fa-Cls/McOH (?x
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c o l l i d i n e  or LiCl in  DMF ( J o h n s o n ' s  m e t h o d ) o r  F eC ls  
i n  methanol (Matsumoto’ s  m eth o d )133 (Scheme 4 4 ) .  I t  
sh o u ld  be  n o te d  t h a t  in  t h e  p r e s e n c e  o f  oxygen ,  Matsumo-  
t o ’ s  method y i e l d s  a d i p i c  a c i d  d i e s t e r s  from 2 - c h l o r o - 2 -  
m e th y lc y c lo h e x a n o n e  i n s t e a d  o f  t h e  e l i m i n a t i o n  p r o d u ct .
2 - M e t h y l - 2 - c y c l o h e x e n o n e  has  a l s o  been prepared  by 
S a eg u sa ,  H ira o ,  and I t o Ba from 2 - m e t h y l - l - t r i m e t h y l  s i  -  
l o x y c y c l o p e n t e n e  v i a  Pd( I I ) - c a t a l y z e d  d e h y d r o s i l y l a t i o n  
in  947. y i e l d  (Scheme 4 5 ) .
Scheme 4 5 .
Smith and h i s  c o - w o r k e r s 13* have r e p o r t e d  an e f f i ­
c i e n t  method for  t h e  c o n s t r u c t i o n  o f  a v a r i e t y  o f  ^  - s u b ­
s t i t u t e d ,  c<  ,  ft —u n sa tu r a te d  k e t o n e s  d i r e c t l y  from t h e  
parent  enone by a method which d o e s  not  r e q u i r e  i n t e r v e n ­
t i o n  o f  t h e  thermodynamic d i e n o l a t e  (Scheme 4 6 ) .
Scheme 4 6 .
v i -  B u  L l  
THf= er EtzO ‘
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As w i th  2 - a l k y l - 2 - c y c l o p e n t e n o n e s 1*0 , t h e  c o r r e s p o n d ­
in g  c y c l o h e x e n o n e s  have  been s y n t h e s i z e d  from 2 - c a r b a l k o ­
xycyc lo h e x a n o n e s  and a l k y l  h a l i d e s  by t h e  se q u en ces  a l k y -  
1a t i o n ,  d e c a r b o x y l a t i o n ,  e n o l  a c e t y l a t i o n ,  b rom in a t io n  
and d e h y d ro b ro m in a t io n ,  a s  shown in  Scheme 4 7 .
Scheme 47 .
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The c o n j u g a t e  a d d i t i o n  o f  l i t h i u m  t r i a l k y l - t r a n s - 1 -  
a l k e n y l a l a n a t e s  or Grignard r e a g e n t s  ( i n  t h e  p r e s e n c e  o f  
a c a t a l y t i c  amount o f  t r i b u t y l p h o s p h i n e - c u p r o u s  i o d i d e  
complex)  t o  t h e  2 - a l k y l - 2 - c y c l o p e n t e n o n e  in  Scheme 48 
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5 .  2 , 3 - d i a l k y l - 2 - c y c l o h e x e n o n e  p r e c u r s o r i -C«C-  
r e d u c t i o n  a p p r o a c h e s !
Approaches t o  2 f 3 - d i a l k y l c y c l o h e x a n o n e s  from 2 , 3 -  
d i a l  k y l - 2 - c y c l o h e x a n o n e s  a r e  c a r r i e d  out  v i a  t h e  red u c ­
t i o n  o f  C"C, Thus i t  i s  n e c e s s a r y  t o  r e v i e w  some 2 , 3 - d i -  
a l k y l  - 2 - c y c  lo h e x en o n e  s y n t h e s e s  from a v a r i e t y  o f  s t a r t ­
in g  m a t e r i a l s ,  such a s i  i .  e n o l  e t h e r s  i i .  3 - a l k y l - 2 -  
c y c 1o h ex en o n e s i  i i i .  2 , 6 - d i a l k y l —2 , 6 - d i c y a n o p i p e r i d i n e s ;  
i v .  and Hagemann’ a s t e r .
i .  Enol e t h e r s  o f  t h e  t y p e  shown in  Scheme 49 r e a c t  
w ith  Grignard r e a g e n t s  t o  a f f o r d  u n s t a b l e  a l c o h o l s  which  
a r e  t r e a t e d  w ith  5% aqueous HC1 at  25°C for  2 h t o  o b t a i n  
oL ,  (3 - d i s u b s t i t u t e d  2 - c y c l o h e x e n o n e s 1'*1.
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Ri “ Mtf n- CaH»t
Ra— CHa“CH ( -CHa ) - ( CHa ) -»“OTHP , n -c  1 oHa 1
i i .  3 - A l k y l - 2 - c y c l o h e x e n o n e *  a r e  c o n v e r t e d  t o  2 , 3 - d i -  
- a l  kyl  - 2 —eye lo h e x en o n e  by e i t h e r  r e f  l u x i n g 1-*3 for  3 h 
w ith  5% NaOH ( r e t r o a l d o l - a l ' d o l  r o u t e )  or c o n j u g a t e  a d d i ­
t i o n / a l k y l  a t  i o n ( S c h e m e  SO).
The l i t h i u m  b i s —[ d i m e t h y l ( p h e n y l ) e i l y l l e u p r a t e  [prep ared  
from d i m e t h y l ( p h e n y l ) e i l y l 1 ithiurn and copper i o d i d e l  adds  




which can be a l k y l a t e d  d i r e c t l y  w i th  methyl and a l l y l
i o d i d e s  <other s i m p l e  primary a l k y l  i o d i d e s  a r e  t o o  u n re ­
a c t i v e ) .  A brom in at io n  o f  t h e  k e to n e  i s  th e n  c a r r i e d  out  
i n  a m ix tu r e  o f  b en zo y l  p e r o x i d e  and copper ( I I )  bromide,  
f o l lo w e d  by d e s i l y l b r o m i n a t i o n  o f  t h e  ft - s i l y l k e t o n e  t o  
produce  t h e  2 , 3 - d i s u b s t i t u t e d  2 - c y c l o h e x e n o n e  i n  60% o v e r ­
a l l  y i e l d .  T h is  method h a s  a l s o  been used for  a s y n t h e ­
s i s  o f  a f ive-m em bered r i n g  a n a l o g .
Compared t o  MeaSiLi which h a s  t o  be  prepared  from 
b i s - C t r i m e t h y l s i l y l > m e r c u r y ,  P h M e a S i L i c a n  be e a s i l y
made from PhMeaSiCl or 1 , 1 , 2 , 2 - t e t r a m e t h y l - 1 , 2 - d i p h e n y l -  
d i s i  l a n e  u s i n g  Li and can add t o  h in d e re d  e n o n e s ,  such  
a s  i so p h o r o n e .
i i i .  H y d r o l y s i s  o f  2 , 6 - d i a l k y l - 2 , 6 - d i c y a n o p i p e r i d i n e s  
i n  an aqueous  s o l u t i o n  o f  15% HC1 u s i n g  THF a s  a c o s o l ­
ven t  g i v e s  t h e  c o r r e s p o n d in g  <=* , / 3 - u n s a t u r a t e d  c y c l o h e x a -  
n o n e1'*'* in  h ig h  y i e l d s  (62-100%) e x c e p t  for  t h e  c a s e  
where Rvi s  CHa“ CH (Scheme 5 1 ) .  The 2 , 3 - d i a l  kyl  - 2 - c y c  l o -
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hexenones  a r e  o b t a in e d  by i n t r a m o le c u la r  c o n d e n s a t io n  o f  
t h e  k - d i k e t o n e s ,  whose form ation  i s  n o te d  in  t h e  i n i t i a l  
p e r io d  by means o f  t h i n - l a y e r - c h r o m a t o g r a p h y .  On t h e  
o th e r  hand, when t h e  h y d r o l y s i s  i s  c a r r i e d  out  i n  an 
aqueous s o l u t i o n  o f  c u p r ic  s u l f a t e  or c u p r i c  a c e t a t e  con­
t a i n i n g  d io x a n e  or e th a n o l  a s  a c o s o l v e n t ,  t h e  £ —d i k e ­
t o n e s  a r e  s e l e c t i v e l y  o b ta in e d  i n  good y i e l d s ,  and t h e  
form ation  o f  t h e  2 - c y c l o h e x e n o n e s  i s  not  d e t e c t e d  a t  a l l .
i v .  A p r e p a r a t i o n  o f  <*■—a l k y l — § —m e t h y le y e lo h e x a n o n e s  
from c o m m e rc ia l ly  a v a i l a b l e  Hagemann’ s  e s t e r  by a l k y ­
l a t i o n  and d e c a r b o x y l a t i o n  i s  a s i m p l e  method w ith  
a 2 - s t e p  c o n v e r s i o n ,  a s  shown below in  Scheme 5 2 .
Scheme 5 2 .
P r e v io u s  s tu d ie s* '* * '  *■** have shown t h a t  Hagemann’ s  
e s t e r  u n d e rgo es  a l k y l a t i o n  a t  t h e  3—p o s i t i o n  in  e t h a n o l i c  
EtONa and in  1 , 2 -d im e th o x y e th a n e  or t o l u e n e  u s i n g  NaH t o  
p repare  t h e  e n o l a t e .  The a l k y l a t e d  Hagemann's e s t e r  was
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o b t a in e d  in  b e t t e r  y i e l d  under t h e  l a t t e r  c o n d i t i o n  (NaH 
in  t o l u e n e ) .  The NMR spectrum  o f  t h e  r e s u l t i n g  product  
(see t h e  Exper im enta l  S e c t i o n )  co n f irm ed  fo rm a t ion  o f  t h e
3 - s u b s t i t u t e d  d e r i v a t i v e  by d i s a p p e a r a n c e  o f  t h e  v i n y l i c  
hydrogen peak near 6 . 0  ppm a s  r e p o r t e d  e a r l i e r  
P a q u e t te  and h i s  c o - w o r k t r s 1'4,' have  d e s c r i b e d  t h a t  t h e r ­
modynamic e n o l a t e s ,  e . g . ,  CIV3 ( F i g .  1) have  a s t r o n g
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t en d e n c y  t o  undergo i r r e v e r s i b l e  C - a l k y l a t i o n  a t  t h e i r  
—p o s i t i o n ,  even when t h i s  s i t e  i s  s u b s t i t u t e d .  The 
p r e s e n c e  o f  an a c t i v a t i n g  group a s  in  Hagemann's e s t e r  EV3 
i s  not  s u f f i c i e n t  t o  overcome t h i s  t e n d e n c y .  R e c e n t l y ,  
Bartmess  and K i p l i n g e r h a v e  been a b l e  t o  d e te r m in e  
" k in e t i c "  v s .  " thermodynamic" a c i d i t i e s  o f  2—c y c l o h e x e — 
none CVX1 in  t h e  g a s  phase  ( F i g .  2 ) .  In CVI] t h e r e  a r e  
2 s i t e s  for  d e p r o t o n a t io n  by b a s e s  o f  r e a s o n a b l e  s t r e n g t h !
[ ™  ]
t h e  - s i t e  l e a d i n g  t o  t h e  v i n y l o g o u s  e n o l a t e  CVIID and 
t h e  o i - ' -a i te  g i v i n g  t h e  c r o s s - c o n j u g a t e d  e n o l a t e  CVIII3.  
The c A - s i t e ,  for  s t e r e o e l e c t r o n i c  r e a s o n s ,  w i l l  be o f  
c o n s i d e r a b l y  lower a c id  s t r e n g t h  in  c y c l i c  e n o n e s ,  s i n c e  
i t  cannot  be in v o lv e d  in  'tT-delocal i z a t i o n  t o  t h e  carbonyl  
group. I t  has  been shown t h a t  t h e  <*■'- s i t e  i s  s low er  by 
about an order  o f  magnitude in  endotherm ic  deuter ium  
e xch an g e ,  compared t o  t h e  t  - p o s i t i o n 1'**. The d i f f e r e n c e  
in  a c i d i t y 11*0 (de term ined  by e x p e r im en t )  between t h e  t  — 
s i t e s  < 4H0 « e m  o f  3 6 0 . 3  2 . 5  k c a l /m o l )  and c<! - s i t e s
( A H ° . c i c  o f  3 6 6 . 8  2 . 3  k c a l /m o l )  in  c y c l o h e x e n o n e s  i s
t h u s  6 . 5  0 . 4  k c a l /m o l .  The MNDO ( s e m ie m p i r ic a l  molecu­
l a r  o r b i t a l  c a l c u l a t i o n ) 1* °  r e v e a l e d  t h a t  t h e  a c i d i t y  o f  
o ( - s i t e  i n  t h e  c y c lo h e x e n o n e s  i s  3 5 9 . 8  k c a l /m o l  w h i l e  
t h a t  o f  t h e  t  - s i t e  i s  3 4 8 . 9  k c a l / m o l .  Thus,  t h e  
v i n y l o g o u s  s i t e  i s  favored  by 6 . 5  + 0 . 4  k c a l /m o l  i n  t h e  
c y c l i c  * n o n i “ *° and MNDO c a l c u l a t i o n s  p a r a l l e l  t h i s 1*0 .
In 2 , 3 —d i a l k y l c y c l o h e x a n o n e  s y n t h e s i s ,  a r e d u c t i o n  o f  
C>C in  2 , 3 —d i s u b s t i t u t e d  c y c lo h e x e n o n e s  i s  c a r r i e d  out by
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c a t a l y t i c  h y d r o g e n a t i o n 1*9* or t r e a tm e n t  w i th  Li in  NHs 
1=° .  The s t e r e o c h e m i s t r y  o f  h y d r o g e n a t io n  t o  t h e  s a t u r a ­
t e d  k e to n e  v a r i e s ,  depending  on t h e  r e a c t i o n  c o n d i t i o n s :  
* produ ct  may be o b t a in e d  under a c i d i c  c o n d i t i o n s 191 , 
and a t r a n s  compound i n  t h e  p r e s e n c e  o f  b a s e s 192 (Scheme 




l i c h 192 who c o n s i d e r e d  t h a t  in  t h e  p r e s e n c e  o f  a c i d ,  c i s  
a d d i t i o n  o c c u r s  d i r e c t l y  t o  t h e  —C“C— bond o f  t h e  u n s a t u ­
r a t e d  oxo  compound or i t s  p r o to n a te d  form, w h i l e  in
Scheme 5 4 .
OH 0





a l k a l i n e  medium l f 4 - a d d i t i o n  o c c u r s ,  f o l l o w e d  by k e t o n i -  
z a t i o n  o f  t h e  r e s u l t i n g  eno l  t o  t h e  t r a n s  compound 
(Scheme 54  a b o v e ) .
The m eta l  r e d u c t i o n  o f o t , ^  - u n s a t u r a t e d  k e t o n e s  u s u a l ­
l y  y i e l d s  a s a t u r a t e d  ke to n e  which h a s  t h e  more s t a b l e  
c o n f i g u r a t i o n  a t  t h e  ^ -c a rb o n  atom133 . The c o n f i g u r a t i o n  
a t  t h e  =* - c a r b o n  atom, which i s  c o n t r o l l e d  by t h e  n a t u r e  
o f  t h e  p r o t o n a t i o n  o f  t h e  i n t e r m e d i a t e  e n o l a t e ,  i s
u s u a l l y  o f  l e s s  c o n c e r n ,  s i n c e  t h e  s t e r e o c h e m i s t r y  a t  t h i s  
c e n t e r  i s  s u b j e c t  t o  change  i f  t h e  i n i t i a l  produ ct  i s  sub­
j e c t e d  t o  a c i d -  or b a s e - c a t a l y z e d  e n o l i z a t i o n 133 . The 
normal s t e r e o c h e m i c a l  outcome from Li/NHa r e d u c t i o n  o f  8 -  
p h e n y l -  10- o c t a l - l - o n e  i s  shown i n  t h e  fo rm a t io n  o f  t h e  




B. S y n t h e s e s  o f  6-membered r i n g  pheromone a n a l o g s !
2 - < 5 - A c e t o x y p e n t y l ) - 3 -m e th y l  e y e lo h e x a n o n e  £633,
which c o u l d  be prepared  from e i t h e r  Hagemann’ s  e s t e r  or 
2 - c a r b a l k o x y c y c lo h e x a n o n e ,  i s  a key i n t e r m e d i a t e  in  t h e  
s y n t h e s i s  o f  t h e  pheromone a n a l o g s  £213 and £193 (Scheme




[ 1 9 ]
5 6 ) .  The p r e p a r a t i o n  o f  t h e  £633 w i l l  be  d i s c u s s e d ,  
f o l lo w e d  by i t s  c o n v e r s i o n s  t o  £213 and £193 .
1. P r e p a r a t io n  o f  2 - ( 5 - a c e t o x y p e n t y l ) - 3 - m e t h y l e y e l o -  
hexanone £633 I
a .  Route  from Hagemann*a e s t e r i 
The s y n t h e s i s  o f  k e t o e s t e r  £633 commenced w i th  e t h y l
4 - o x o - 2 —m e t h y l - 2 - c y c l o h e x e n e c a r b o x y l a t e  (Hagemann’ s  e s ­
t e r ) .  T h is  m a t e r i a l ,  upon a l k y l a t i o n  w ith  £403 a f ­
ford ed  t h e  3 - s u b s t i t u t e d  d e r i v a t i v e  £613.  The c a r b o x y l i c  
a c i d ,  prepared  in  s i t u  by h e a t i n g  k e t o - e s t e r  £613 w ith  
25% HC1 in  a c e t i c  a c i d ,  d e c a r b o x y la t e d  on p r o lo n g e d  h e a t ­
in g  t o  g i v e  c y c lo h e x a n o n e  e s t e r  £623 in  about 65% y i e l d .  
H ydrogenat ion  o f  £623 in  95% EtOH, c a t a l y z e d  by 5% Pd/C,  
produced a m ix tu r e  o f  c i s -  and t r a n s - £ 6 3 3  i n  1 B i 8 2  r a t i o
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in  h igh  y i e l d  (98%) (Scheme 5 7 ) .
Scheme 57.
i,, Mq i4 / t o l .  
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The a l k y l  a t i o n  o f  Hagemann’ s  e s t e r  w ith  5 -brom openty l  
a c e t a t e  may b e s t  be un ders too d  by c o n s i d e r a t i o n  o f  t h e  
e q u i l i b r i a  p i c t u r e d  i n  Scheme 5 8 ,  which i s  s i m i l a r  t o  
t h a t  proposed  for  a l k y l  a t i o n 133 o f  3—m e t h y l - 2 - c y c l o h e x a n ­
one w ith  brom ides o f  s t r u c t u r e  Br-(CHa>r.-Br. The b a s e  NaH
103
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a b s t r a c t s  a pro ton  from Hagsmannrs  s s t s r  t o  g i v e  a n i o n s  
CAD and CBD, each o f  which i s  a l k y l a t e d  p r e f e r e n t i a l l y  a t  
t h e  carbon a lp h a  t o  t h e  ca rb ony l  t o  g i v e  m o n o a lk y la t io n  
p r o d u c t s  CCD and CDD, r e s p e c t i v e l y .  The b a se  a b s t r a c t s  
t h e  a lp h a  proton  fron CCD and CDD t o  y i e l d  a n i o n s  CED and 
CFD, r e s p e c t i v e l y ,  which p r e f e r e n t i a l l y  form C61D, hav ing  
t h e  -C“C— d o u b le  bond in  c o n j u g a t i o n  w i th  t h e  k e to n e  c a r ­
bonyl  .
There a r e  some s i d e  p r o d u c t s  i n  t h e  a l k y l a t i o n  r e a c t ­
ion  o f  Hagemann’ s  e s t e r  w ith  5-brom openty l  a c e t a t e  such
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a s  E61A3 (17%), 3 - m e t h y l - 2 - c y c l o h e x e n o n e  (1%), and a pro ­
duct  o f  r e d u c t i o n  a t  t h e  -C»C- d o u b le  bond o f  Hagemann's 
e s t e r  (12%) b e s i d e s  t h e  form ation  o f  C613 (70%) Cbased on 
GO (Scheme 59)  .
Scheme 5 9 .
A NaH
C H .
+ . ¥  +




The e th o x y c a r b o n y l  group i s  removed (by h y d r o l y s i s  
and d e c a r b o x y l a t i o n )  when E613 i s  h e a te d  for some t im e  
w ith  aqueous a c i d  and c o - s o l v e n t  AcOH, forming CS23. The 
p r e s e n c e  o f  AcOH i s  n e c e s s a r y  t o  a l l o w  a smooth r e a c t i o n  
t o  t a k e  p l a c e .  The r e a c t i o n  i s  s low  for  t h e  lo n g  c h a in  
a l k y l  d e r i v a t i v e s ,  perhaps  b e c a u se  o f  t h e i r  poor s o l u b i ­
l i t y  i n  aqueous a c id  w ith o u t  t h e  c o - s o l v e n t .  Moreover,  
t h e  c l e a v a g e  o f  t h e  a c e t a t e  group in  t h e  a l k y l  c h a in  o f  
C61D c o u ld  be  av o id e d  when a l a r g e  amount o f  AcOH e x i s t s  
i n  t h e  r e a c t i o n  m ix tu r e .  In c o n t r a s t ,  t h e  u s e  o f  e t h a n o -  
l i c  KOH for  h y d r o l y s i s  and d e c a r b o x y l a t i o n  o f  C613 i s  not  
a good way a s  i t  can c o n v e r t  e s t e r  in  t h e  a l k y l  c h a in  t o  
a l c o h o l .
P a l la d iu r a - c a ta ly z e d  h y d r o g e n a t io n  o f  [613 i n  9 5 7. EtOH 
i s  a c la a n  r a a c t i o n  w i th o u t  b y -p ro d u ct  form ation  and p r o -  
c a a d s  in  98X y i a l d .  Of t h a  many r a a c t i o n s  a v a i l a b i a  for  
t h a  r a d u c t io n  o f  o rg a n ic  compounds, c a t a l y t i c  h y d rogena-  
t i o n  o f f a r s  t h a  advan tagas  o f  widaspraad a p p l i c a b i l i t y  
and e x p e r im en ta l  s i m p l i c i t y  t o  a uniqua d e g r e e 13**, That 
i s  a raa so n  why hyd ro g an at io n  i s  favorad over r e d u c t i o n  
o f  t h e  C*»C w ith  Li/NHs. I t  i s  a l s o  p o s s i b l e  t o  s e l e c t i ­
v e l y  r ed u c e  f u n c t i o n a l  qroups .  For example,  t h e  r e d u c t i o n  
o f  an s a t u r a t e d  a s t e r  or k e to n e  t o  an u n sa tu r a ta d  a l c o h o l  
i s  n orm al ly  a ccom pl ish ed  w ith  metal h y d r id e  red u c in q  
a g e n t s  r a th e r  than by c a t a l y t i c  h y d r o g e n a t io n l s a , whereas  
r e d u c t i o n  o f  an u n sa tu r a te d  e s t e r  or k e to n e  t o  a s a t u r a ­
te d  e s t e r  or ke to n e  i s  r e a d i l y  a c h ie v e d  by c a t a l y t i c  
h y d r o g e n a t io n 13* .  The h y d r o g e n a t io n  can be made s e l e c ­
t i v e  by c h o i c e  o f  c a t a l y s t ,  e . g .  Pd c a t a l y s t  f a i l s  t o  
e f f e c t  t h e  r e d u c t i o n  o f  e s t e r  t o  a l c o h o l .  The hydrogena­
t i o n  o f  [623 g i v e s  a h igher  y i e l d  when t h e  r e a c t i o n  i s  
run for  3 days  a t  room tem p er a tu r e  i n s t e a d  o f  14 h. T h is  
r e a c t i o n  i s  s lo w ,  presumably due t o  t h e  r e l a t i v e l y  crowd­
ed environment a t  t h e  CaC o f  [ 6 2 3 .
With r e s p e c t  t o  s t e r e o c h e m i s t r y ,  i t  i s  i n t e r e s t i n g  
t h a t  E633, t h e  hyd rog en a t ion  product  o f  [ 6 2 3 ,  has  
a 8 2 » IB t r a n s i c i s  r a t i o  (de term in ed  by 4H NMR and 
6 0 .  In h y d ro g e n a t io n  o f  1 ,2 - d im e th y l  eye  lo h e x e n e ,  
t h e  Pd c a t a l y s t  a lw ays  g i v e s  t h e  more s t a b l e
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( t r a n s ) o f  t h e  two p o s s i b l e  p r o d u c t s ,  w h i l e  t h e  
c i s -p ro d u ct  i s  fav o red  over  a Pt c a t a l y s t  137 . S t e r e o ­
c h e m is t r y  i n  t h e  P d - c a t a l y z e d  h y d r o g e n a t io n  o f  3 , 4 - d i a l ­
kyl s u b s t i t u t e d  c y c lo h e x a n o n e s  h a s  been e x p l a i n e d  on 
s t e r i c  ground*-37’* .  The compounds c o n t a i n i n g  a 3 -E t  
group a lw a y s  gav e  more t r a n s  product  than t h e  3 -m eth y l  
compounds under t h e  same r e a c t i o n  c o n d i t i o n s ,  in d e p e n ­
dent  o f  t h e  n a t u r e  o f  t h e  4 - a l k y l .  By a n a l y s i s  o f  t h e  
two adsorbed c o n f o r m a t io n s  o f  t h e  e n o l  form, i t  was 
p o in t e d  out  t h a t  t h e  c i s - a d s o r b e d  c o n fo r m a t io n  CG] i s  
g e n e r a l l y  more f a v o r a b l e  for t h e  3 - h e  compounds. I f  
t h e r e  i s  a C ( 3 ) - E t  group,  however,  t h e  c a t a l y s t  h in d ­
r a n c e  means t h a t  t h i s  can be s i t u a t e d  o n l y  in  such a 
way t h a t ,  a s  a r e s u l t  o f  t h e  van der Waals i n t e r a c t i o n  
w ith  t h e  4 s u b s t i t u e n t ,  t h e  t r a n s  form CH3 w i l l  be  t h e  
more f a v o r a b l e  adsorbed conformation*-37* ( F i g .  3 ) .  S t e r i c
e f f e c t s  o f  a s i m i l a r  n a t u r e  may be r e s p o n s i b l e  for  t h e  
r e s u l t s  o b t a in e d  in  h y d r o g e n a t io n  o f  C621. An a l t e r n a ­
t i v e  e x p l a n a t i o n  i s  t h a t  t h e  8 2 i 18 m ix tu re  s im p ly  r e p r e ­
F i g .  3
L G 1 t H ]
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s e n t s  t h e  thermodynamic e q u i l i b r i u m  m ix t u r e .  Assignment  
o f  c i s  and t r a n s  s t e r e o c h e m i s t r y  o f  C633 w i l l  be 
d i s c u s s e d  in  a l a t e r  s e c t i o n .
b. Route  from 2 - c a r b a l k o x y c y c l o h e x a n o n e :
The s y n t h e t i c  go a l  i s  t h e  p r e p a r a t i o n  o f  c y c l o h e x -  
enone C703 and i t s  su bseq u en t  c o n v e r s i o n  t o  2 , 3 - d i a l k y l -  
c y c lo h e x a n o n e  (Scheme 6 0 ) .  The sodium e n o l a t e  o f  commer­
c i a l l y  a v a i l a b l e  2 - c a r b a l  k o x y c y c lo h e x a n o n e  (607. e t h y l ,
Scheme 6 0 .
[67} t<-0] [6fe]
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40% methyl e s t e r )  was a l k y l a t s d  w i th  brom oester  C401 in  
DMF a t  53°C t o  g i v e  cru de  product  C643, which underwent  
h y d r o l y s i s  and d e c a r b o x y l a t i o n  t o  s s t s r  C661 in  c a .  B3% 
o v s r a l l  ( cru d e)  y i s l d  <bassd on t h s  mola r a t i o  between  
a t h y l  and mathyl o f  t h a  s t a r t i n g  m a t e r i a l ) .  The C661 was 
a l s o  o b t a in e d  a s  f o l l o w s i  t h a  s i l y l  anol  e t h e r  o f  e y e l o ­
hexanone was c o n v e r te d  t o  i t s  Li e n o l a t e  by tre a tm en t  
w ith  Li in  ammonia. A l k y l a t i o n  o f  t h i s  e n o l a t e  w ith  C403 
ga v e  C&63 i n  41% y i e l d  a c c o r d in g  t o  GC.
For t h e  i n t r o d u c t i o n  o f  t h e  r e q u ir e d  u n s a t u r a t i o n ,  
t h e  g e n e r a l  method o f  B edoukian19® which i n v o l v e s  brom i-  
n a t i o n  o f  an e n o l  a c e t a t e ,  was used t o  r e g i o s p e c i f i c a l l y  
p l a c e  bromine in  t h e  2 - p o s i t i o n  o f  t h e  c y c lo h e x a n o n e  r in g  
Other s t u d i e s  have shown t h a t  e n o l a c e t y l a t i o n  o f  2 - s u b s -  
t i t u t e d  c y c lo h e x a n o n e s  under e q u i l i b r a t i n g  c o n d i t i o n s  
r e s u l t s  in  predominant form at ion  o f  t h e  more s u b s t i t u t e d  
o l e f i n i c  p r o d u c t 1" .  Thus, r e a c t i o n  o f  C883 w ith  r e f l u x — 
in a  a c e t i c  anhydride  in  t h e  p r e s e n c e  o f  p - t o l u e n e s u l f o n i c  
a c id  w ith  removal o f  a c e t i c  a c id  by d i s t i l l a t i o n  gave  a 
98% y i e l d  o f  t h e  d e s i r e d  e n o l  a c e t a t e  C683, which on 
t re a tm en t  w ith  bromine in  a c e t i c  a c i d 1&°  a f f o r d e d  cru de  
bromoketone C69D. The f i n a l  s t e p ,  dehydrobrom ination  t o  
t h e  r e q u ir e d  c y c lo h e x e n o n e  C701, was accom p l ish ed  w ith  
LiBr-LiCOa in  hot DMFxax (82% o v e r a l l  y i e l d  from CG83).
For t h e  p r e p a r a t io n  o f  1 1 , 1 5 - d i d e o x y p r o s t a g l a n d i n s ,  
t h e  c o n j u g a t e  a d d i t i o n  o f  o r g a n o c u p r a te s  t o  c y c l o p e n t e —
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non* has  b ssn  a p a r t i c u l a r l y  u s s f u l  p r o c e d u r e 103 . The r e ­
a c t i o n  o f  Hea>CuLi w ith  eye  lo h ex a n o n e  C703 by t h i s  method 
sh o u ld  g i v e  t h e  d e s i r e d  c o n j u g a t e  a d d i t i o n  product  C631. 
T h is  p roced ure  was not  e x p l o r e d ,  s i n c e  t h e  d e s i r e d  C633 
was o b t a in e d  by t h e  p r o c e s s  a l r e a d y  d e s c r i b e d  s t a r t i n g  
from Hagemann’ s  e s t e r .
2 .  Convers ion  o f  £633 t o  3—( 5 - a c e t o x y p e n t y l ) - 4 - m e t h y l -  
c y c l o h e x e n e  C213 and 2 - < 5 - a c e t o x y p e n t y l ) - m e t h v l c y -  
c lo h e x a n e  C193»
In a manner s i m i l a r  t o  t h e  c o n v e r s i o n  o f  C373 t o  
i t s  c o r r e sp o n d in g  c y c l o p e n t e n e  C203 and c y c l o p e n t a n e  C183, 
C633 was c o n v e r t e d  t o  E211 and C193 v i a  h y d ro b o ra t io n  o f  
i t s  s i l y l  en o l  e th e r  and v i a  r e d u c t i o n  o f  i t s  t o s y l h y d r a — 
zone  w ith  sodium c y a n o b o ro h y d r id e .
a .  C on vers ion  o f  C633 t o  C213»
I t  i s  known t h a t  k e t o n e s  and e s t e r s  can form s i l y l  
en o l  e t h e r s  under t h e  same s tan dard  c o n d i t i o n s  (LDA.
O—78 C, Me^SiCl) .  Such was t h e  c a s e  a l s o  for t h e  k e to  
e s t e r  C663 when t r e a t e d  w ith  t h e  ba se  ( 1 . 2  e q u iv )  and 
MeaSiCl ( 1 . 8  e q u i v )  at  low te m p e r a tu r e .  A m ixture  o f  s i — 
l y l  eno l  e t h e r s  C713 and C721 was formed a s  shown in  
Scheme 61 be lo w .  To av o id  t h e  above problem, k e to  e s t e r
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[ 6 3 ]  w i th  c i s  and t r a n s  r a t i o  39 :61  was c o n v e r t e d  t o  
k e t o  a l c o h o l  C73] w ith  c i s : t r a n s  r a t i o  3 8 : 6 2  ( a c c o r d in g  
t o  100 IfHz l H NMR) b e f o r e  t h e  form ation  o f  i t s  s i l y l  en o l  
e t h e r .  The e s t e r  h y d r o l y s i s  was a c co m p l ish ed  by t r e a tm e n t  
w ith  77. e t h a n o l i c  KOH a t  room tem p er a tu r e  for 30 h. The 
r e a c t i o n  o f  [ 7 3 ]  w ith  LDA ( 2 . 2 6  e q u iv )  and MeaSiCl  produ­
ced a m ix tu r e  o f  s i l y l  eno l  e t h e r  [ 7 4 ]  ( k i n e t i c  c o n t r o l l ­
ed)  and i t s  isomer (thermodynamic c o n t r o l l e d )  [ r a t i o  i s  
6 0 : 4 0  and r e t e n t i o n  t im e  1 3 .4  and 1 3 .6  m in . ,  r e s p e c t i v e ­
l y ]  which was hydroborated  by BHs.THF. Work-up o f  t h e  
r e s u l t i n g  r e a c t i o n  m ix tu r e  in  aqueous HC1 p r o v id e d  c i s -  
and t r a n s —[ 7 5 ]  in  a 47*53 r a t i o  (de term in ed  by 400 MHz 
4H NMR) i n  6351 y i e l d .  There was more c i s —product  in  [ 7 5 ]  
than in  t h e  s t a r t i n g  m a t e r ia l  [ 7 3 ] ,  a l th o u g h  t h e  t r a n s — 
product  i s  s t i l l  t h e  major o n e .  The a l c o h o l  [ 7 5 ]  in  
p y r i d i n e  was e s t e r i f i e d  by a c e t i c  a n h ydr ide  t o  a f f o r d  c i s — 
and t r a n s —[ 2 1 ]  (39 :6 1  r a t i o  a c c o r d in g  t o  400 MHz *H NMR)
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i n  QOVm y i e l d ,  Scheme 6 2 ,  ( s e e  s t e r e o c h e m i c a l  a s s ig n m en t  
s e c t i o n  fo r  t h e  s t e r e o c h e m i s t r y  d e t e r m i n a t i o n  o f  C633 and 
£ 7 5 3 ) .  The c i s i t r a n s  r a t i o s  which change  from 4 J s 5 3  in
C753 t o  3 9 i6 1  i n  C213 may be  e x p l a i n e d  by a r e a c t i o n  o f  
a l c o h o l  and -C*C- bond. M a r s h a l l lfca“ r e p o r t e d  a l c o h o l s  
can be added t o  c e r t a i n  double -bond  compound ( c y c l o h e x e n e s  
and c y c l o h e p t e n e s )  p h o t o c h e m i c a l l y .  An o b s e r v a t i o n  o f  
predominance o f  c i s  over  t r a n s  i s o m e r s  in  p h o t o - in d u c e d  
a d d i t i o n s  o f  a l c o h o l s  t o  1-menthene ( c y c l o h e x e n e  d e r i v a ­
t i v e )  can be  un d ers to od  on t h e  b a s i s  o f  t h e  1-menthyl  
c a t i o n  where s t e r i c  f a c t o r s  favor  approach from t h e  
bottom f a c e .  T h is  f a c t  c o u ld  be used  t o  e x p l a i n  t h e
changes  in  t h e  c i s »t r a n s  r a t i o s  from 47*53  t o  39* 6 1 .
Scheme 62
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b . C o n vers io n  o f  C633 t o  C193 a
The k e t o  e s t e r  C633 was c o n v e r t e d  t o  c y c lo h e x a n e  
C193 by f o l l o w i n g  t h e  same pro ced u re  a s  d e s c r i b e d  p r e v i ­
o u s l y  in  t h e  c o n v e r s i o n  o f  c y c lo p e n t a n o n e  d e r i v a t i v e s  
t o  eye 1o p e n ta n o n e s .  The c i s -  and t r a n s -  C193 in  19a82 
r a t i o  (d e term in ed  by 400 MHz *H NMR) was r e a c t e d  w ith  p— 
t o l u e n e s u l f o n y l h y d r a z i n e  in  D M F-su lfo lane  hav ing  p - t o l u -  
e n e s u l f o n i c  a c i d  monohydrate a s  a c a t a l y s t ,  and NaBHaCN 
t o  g i v e  c i s -  and t r a n s -C 193 ( r a t i o  39aGl) in  17% y i e l d ,  
and s t a r t i n g  m a t e r i a l  was r e c o v e r e d .  The y i e l d  i s  low 
due t o  an i n c o m p le t e  c o n v e r s i o n  o f  C633 t o  i t s  hydrazone .  
As p r e v i o u s l y  s t a t e d *  t o s y l h y d r a z o n e  form ation  i n  DMF- 
s u l  f o l a n e  was e x tr e m e ly  s l o w 137 and v a r y in g  amounts o f  
k e t o n e s  were r e c o v e r e d  unchanged even a f t e r  s e v e r a l  hours  
at  100 t o  105°C. The t r a n s / c i s  r a t i o  d e c r e a s e d  a s  t h e  
r e a c t i o n  p ro ceeded  (from 4 . 5 5  t o  1 .5 9 )  i n d i c a t i n g  t h a t  
a c i d - c a t a l y z e d  e g u i 1i b r a t i o n  o f  t h e  s u b s t i t u e n t  a d j a c e n t  
t o  t h e  t o s y l h y d r a z o n e  group o c c u r r e d ,  p robab ly  during  i t s  
f o r m a t io n 137. The increment o f  c i s - s t e r e o i s o m e r  (from 18% 
t o  39%) o f  t h e  t o s y l h y d r a z o n e  o f  C633 p robab ly  a r i s e s  
from t h e  favo red  a x i a l  d i s p o s i t i o n  o f  s u b s t i t u e n t s  a d j a ­
c e n t  t o  e x o c y c l i c  C^N1413,3. The s t e r e o c h e m i c a l  a ss ign m en t  
o f  C193 w i l l  be  d i s c u s s e d  l a t e r .
The f o l l o w i n g  Scheme 63 summarizes t h e  t o t a l  s y n t h e —
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s i s  o f  t h e  6-membered r in g  pheromone a n a l o g s  C21D and 
C19D from Hagemann's e s t e r  and 2 - c a r b a l k o x y c y c lo h e x a n o n e .
Scheme S3.
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- PJ - C
COJZt
A i-u i-  : TT. Ac O.TiOHrn c# ) i *y l  B r , /c c i4 ( CoCO,/£ncij
v.'i. UBr( UCOj , tMF 
m i .  Me^Cutt (weulj  
i * .  H jO ©  Q . „ j
t Hl fOAt
7% KOH/£-t  OH 
*i. lba , - 7$‘c  
t*i. Mtj Si Cl 
x i i i .  BHj -THF  
I.X. : * W . A t  0 .  Pq
OAc,
T S M H
F. Sul ôlanc
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IV. STEREOCHEMICAL ASSIGNMENTS OF E3 7 3 . E£ 3 3 . E19-213 8 
T h is  s e c t i o n  m a in ly  d e a l s  w i th  d e t a i l s  o f  t h e  s t e r e o ­
chem ica l  a s s ig n m e n t s  o f  2 - ( 5 - a c e t o x y p e n t y l >- 3 - e t h y l e y e l o -  
pentan one  £373 and 2—( 5 - a c e t o x y p e n t y l ) - 3 - m e t h y l e y e l o h e x a — 
none £833 .  Qnce t h e i r  s t e r e o c h e m i s t r i e s  a r e  f i x e d ,  t h e  a s ­
s ignm ent  o f  s t e r e o c h e m i s t r y  o f  t h e  s u b s t i t u e n t s  on £18-213  
may be done more e a s i l y .  Although t h e  c o n v e r s i o n  o f  1373 
and £833 t o  £1 8 3 ,£ 2 03  and £ 1 9 3 ,1 2 1 3 ,  r e s p e c t i v e l y ,  might  
a l t e r  t h e  c h i r a l  c e n t e r s  in  £373 and £833 v i a  k e t o - e n o l  
tau tom er ism ,  t h e  major i s o m e r s  a r e  t h e  same a s  in  t h e  
s t a r t i n g  m a t e r i a l s  a s  d i s c u s s e d  l a t e r  in  t h i s  s e c t i o n .
In g e n e r a l ,  t h e  ass ig n m en t  o f  t h e  s t e r e o c h e m i s t r y  a t  
C -2 /C -3  i n  c y c l o a l k a n o n e s  i s  e s t a b l i s h e d  by <i> t h e i r  1H- 
and 13C-NMR s p e c t r a l  d a ta  Ci i > t h e  method o f  s y n t h e s i s  
( i i i )  t h e  s t e r e o c h e m i s t r y  o f  a n a l o g s  or Civ) t h e i r  ep im e-  
r i z a t i o n  under a l k a l i n e  c o n d i t i o n s .
A .S t e r e o c h e m ic a l  a s s ig n m e n t s  for £373.
o
115
C373 was prepared by a d d i t i o n  o f  l i t h i u m  d i e t h y l  
c u p r a t e  t o  2 - ( 5 - a c e t o x y p e n t y l ) —2 - c y c l o p e n t e n o n e  a s  d i s c u s ­
sed  e a r l i e r .  C onjugate  a d d i t i o n s  o f  organocopper r e a g e n t s  
w ith  s u b s t i t u t e d  c y c l i c  e n o n e s  a r e  known t o  p ro ceed  w ith  
e x c e e d i n g l y  h igh  s t e r e o s e l e c t i v i t y  t o  favor t r a n s  over  c i s  
a d d u c t 1®3 . The s y n t h e s i s  depends on s t e r i c  i n t e r a c t i o n s  
t o  c o n t r o l  t h e  r e l a t i v e  s t e r e o c h e m i s t r y  o f  t h e  r in g  s u b s ­
t i t u e n t .  The p r o t o n a t i o n  o f  t h e  r e s u l t i n g  e n o l a t e  ( d e r i ­
ved from t h e  c o n j u g a t e  a d d i t i o n  r e a c t i o n )  s e l e c t i v e l y  
g i v e s  r i s e  t o  t h e  therm odynam ica l ly  more s t a b l e  s t e r e o i s o — 
meric c y c lo p e n t a n o n e .  Thus, t r a n s —C373 i s  e x p e c t e d  t o  be 
t h e  major isomer and c i s -C37J t h e  minor isomer based on 
t h e  method o f  s y n t h e s i s .  The t r a n s —c o n f i g u r a t i o n  o f  E373 
was f u r th e r  e v id e n c e d  by i t s  s t a b i l i t y  t o  b a s i c  c o n d i t i o n s .  
Treatment w ith  7X KOH—EtOH a t  room tem p era tu re  for  24 h or 
r e f l u x i n g  E taN produced no change in  t h e  .*-H NMR spectrum  
or TLC b e h a v io r .
The a s s ig n m e n t s  for t h e  s t e r e o c h e m i s t r y  o f  E373 were  
r e i n f o r c e d  by t:*C-NMR s t u d i e s .  C37D a s  prepared from t h e  
c o n j u g a t e —a d d i t i o n  o f  l i t h i u m  d i e t h y l c u p r a t e  t o  2—<5—a c e — 
t o x y p e n t y l ) - 2 - c y c 1openenone a p p ea r s , f r o m  GC a n a l y s i s  t o  be 
m ainly  one iso m er ,  which i s  b e in g  a s s ig n e d  t h e  t r a n s  geo ­
metry.  The 200 MHz l 3 C NMR spectrum o f  th a t  product  
c o n t a i n s  a s e t  o f  s t r o n g  s i g n a l s  c o r r e sp o n d in g  t o  12 a l i ­
p h a t i c  carb ons  ( 1 1 . 3 6 ,  2 0 . 8 8 ,  2 6 . 1 9 ,  2 6 . 4 3 ,  2 6 . 5 0 ,  2 7 . 2 5 ,  
2 7 . 9 8 ,  2 8 . 3 9 ,  3 7 . 7 1 ,  4 3 . 2 4 ,  5 4 . 6 7  and 6 4 . 4 4  ppm) and 2
carbonyl  carbon s i g n a l s  ( 1 7 1 .2 3  and 2 1 7 .1 6  ppm). A d d i t i o n ­
a l  minor s i g n a l s  ( 2 5 .5 7 ,  2 8 . 1 0 ,  3 5 . 3 6 ,  4 0 . 6 2  and 5 3 .2 8  
ppm), t h e  a v e ra g e  i n t e n s i t i e s  o f  which a r e  <107. o f  t h o s e  
o f  t h e  major s i g n a l s ,  are  a l s o  p r e s e n t  and a r e  b e in g  a s ­
s i g n e d  t o  t h a t  c i s  i som er.  ( F i g .  4 ) .  The DEPT method 
in  t h e  200 MHz NMR was used in  t h e  ass ignm ent  o f  CH, CHa  
and CHa  groups ,  e s p e c i a l l y  DEPT 4 5 ° .  CHa  groups  a r e  s e p a ­
r a te d  from CH and CHa groups by DEPT 135° .  Only CH groups  
a r e  d e t e c t e d  by DEPT 9 0 ° .  The DEPT spectrum ( F i g .  4)  
r e v e a l s  carbon chemica l  s h i f t s  o f  ( i )  CHa groups  a t  1 1 .3 6  
and 2 0 . 8 8  ppm (one CHa o f  t h e  Et group,  t h e  o th er  o f  t h e  
a c e t o x y  group) ( i i )  CH2  groups  a t  2 5 . 5 7 ,  2 6 . 1 9 ,  2 6 . 4 3 ,  
2 6 . 5 0 ,  2 7 . 2 5 ,  2 7 . 9 8 ,  2 8 . 1 0 ,  2 8 . 3 9 ,  3 5 . 3 6 ,  3 7 . 7 1 ,  and 6 4 .4 4  
ppm ( i i i )  CH groups at  4 0 . 6 2 ,  4 3 . 2 4 ,  5 3 . 2 8 ,  and 5 4 .6 7  ppm. 
Having a s s ig n e d  t h e s e  r e s o n a n c e s  in  t h e  200 MHz spectrum  
o f  t h e  sample  o f  C371 t h a t  c o n s i s t s  o f  m ainly one isom er,  
we can now look  a t  t h e  more c o m p l ic a te d  example in  which 
both c i s  and t r a n s  i so m e rs  are  p r e s e n t  in  comparable  
amounts.  F ig u r e  6 shows t h e  p r o to n -d e c o u p le d  t a C spectrum  
(and co rresp o n d in g  DEPT s p e c t r a )  o f  C37D prepared by con­
j u g a t e  a d d i t i o n  — a l k y l  a t  i o n .  T h is  200 MHz spectrum  
c o n t a i n s  r e s o n a n c e s  from a 3*^ isom er,  but t h e s e  r e so n a n ­
c e s  do not appear t o  be c o m p l i c a t e  any o f  t h e  a s s ig n m e n ts  
t o  be d i s c u s s e d  be low.  Among t h e  CHa groups ,  ass ignm ent  o f  
t h e  m ethylene  carbon a t t a c h e d  t o  C-2 o f  t h e  eye 1opentanone  
r in g  (*)  and t h e  m ethy lene  carbon a t t a c h e d  t o  C-3 o f  th e  
r in g  (**) ( s e e  Table  2) were based on ana logy  with  i a C 
chem ical  s h i f t s  rep o r ted  in  l i t e r a t u r e  data  for p r o s t a -
otn to
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g l a n d i n s  l » a . c y c l o p e n t a n o n e  d e r i v a t i v e s 1*7 and t h e  
s p e c t r o s c o p i c  d a t a  for 2 - ( 5 - a c e t o x y p e n t y l ) c y c l o p e n t a n o n e  
E433 and 3 - e t h y l c y c l o p e n t a n o n e  E363 ( s e e  Experim ental  
S e c t i o n )  in  which carbon chem ica l  s h i f t s  in  c i s  i so m e rs  
appear u p f i e l d  from t h o s e  i n  t r a n s  i s o m e r s .  The l i t e r a t u r e  
d a ta  *■** s u g g e s t e d  t h e  chem ica l  s h i f t s  o f  t h e  ~CHa t o  be
2 7 .9 8  and 2 5 . 5 7  ppm in  t h e  200 MHz 13C-NMR ( F ig .  6)  o f  
E373 (prepared  from 2 - c y c l o p e n t e n o n e  r o u t e  v i a  c o n j u g a t e  
a d d i t i o n  — a l k y l  a t i o n )  for  t r a n s  and c i s  s t e r e o c h e m i s t r i e s ,  
r e s p e c t i v e l y .  The carbon chem ica l  s h i f t  ass ign m en t  for t h e  
~*CHa r e q u i r e s  t h e  a s s i s t a n c e  from *H NMR o f  3 —e t h y l c y c l o -  
pentanone  E363 which showed t h e  chem ica l  s h i f t  o f  t h e  
m ethy lene  proton  in  t h e  Et group t o  be a t  1 . 3  ppm. That 
chem ica l  s h i f t  i s  t h e  same in  E373 a s  in  E363 conf irm ed  by 
t h e  2D-C0SY1*'* NMR o f  E373 ( F i g .  7) which g i v e s  t h e  con­
n e c t i v i t i e s  o f  t h e  c o u p led  n u c l e i  (*■ H in  t h i s  c a s e ) .  The 
C0SY-90 spectrum o f  E373 ( F i g .  7) shows t h a t  t h e r e  a r e  2 
groups o f  p r o to n s  (CH3 and CH at C-3 o f  t h e  c y c lo p e n ta n o n e  
r in g )  c o u p l i n g  w ith  t h e  CHa p r o to n s  o f  t h e  Et group,  th u s  
c o n f ir m in g  t h e  ass ignm ent  o f  t h e  m eth y len e  p r o t o n s .  A 2D- 
13C—*H chem ica l  s h i f t  c o r r e l a t i o n  sp ec tru m 1®  ̂ o f  [373  
i s  now o b t a in e d  t o  a s s i g n  t h e  carbon chem ica l  s h i f t  o f  t h e  
""“CHa group.  From t h i s  map ( F ig .  8 ) ,  m u l t i p l e t s  in  t h e  
200 MHz *H NMR co u ld  be c o r r e l a t e d  with  l 3 C s i g n a l s .  Thus 
t h e  carbon chem ica l  s h i f t s  o f  ~'*’CHa a r e  a s s ig n e d  as  2 8 .4  
and 2 8 .1  ppm for t r a n s -  and c i s -E 3 7 3 . r e s p e c t i v e l y ,  which 
a re  in  agreement w ith  l i t e r a t u r e  d a ta  on c y c lo p e n ta n o n e
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d e r i v a t i v e s 1®-̂ . These  chem ical  s h i f t s  o f  ~CH» and ""•CHa 
a r e  used i n  t h e  s t e r e o c h e m i c a l  a s s ig n m en t  o f  C373 a s  seen  
in  t h e  f o l l o w i n g  paragraph.
The m e th y len e  carbon ( a t t a c h e d  t o  C-2 o f  t h e  c y c l o p e n ­
tan o n e  r i n g )  and t h e  m eth y len e  carbon ( a t t a c h e d  t o  C—3 o f  
t h e  r i n g  a r e  V t o  one a n o th e r ,  and t h e i r  chem ica l  s h i f t s  
vary  depend ing  upon t h e  r e l a t i v e  p o s i t i o n s  o f  t h o s e  c a r ­
bons t o  each  o th e r  in  s p a c e .  A carbon t h r e e  bonds d i s t a n t  
from a s u b s t i t u e n t  has  been shown t o  e x h i b i t  an u p f i e l d  
s h i f t  due t o  s t e r i c a l l y  induced p o l a r i z a t i o n  o f  t h e  C-H 
b o n d s1®®. In r i g i d  c y c l i c  s y s te m s  t h i s  e f f e c t  i s  a t  a max­
imum when t h e  s u b s t i t u e n t  and t h e  ^  carbon a r e  gauche  
( y - g a u c h e  e f f e c t ) .  Thus in  C373 t h e  e f f e c t  sh o u ld  be  
g r e a t e r  in  t h e  c i s - i so m er  where t h e  c arb ons  a r e  gauche  
than in  t h e  t r a n s - i s o m e r ,  where t h e  c a rb o n s  a r e  a n t i c l i n a l  
( F i g .  9 ) .  T a b le  2 g i v e s  t h e  o b ser v ed  s h i f t s  a s  d i s c u s s e d
F ig .  9 .
(O*t)s0».
above and a l l o w s  ass ignm ent  o f  s t e r e o c h e m i s t r y  in  C371 
s i n c e  both  m eth y len e  groups marked w i th  a s t e r i s k s  a r e  up­
f i e l d  in  t h e  isomer a s s i g n e d  t h e  c i s  s t e r e o c h e m i s t r y .  T h is  
t e c h n i q u e  ( X -g a u ch e  e f f e c t )  has  a l s o  been a p p l i e d  t o  
a n a lo g o u s  s y s t e m s . 1®®
123
T a b le  2
*3 C s h i f t s  (ppm? 
-CHa — CHa
2 7 . 9 8  2 8 . 3 9
2 5 . 5 7  2 8 . 1 0
S t e r e o c h e m i s t r y .
Trans .
C i s .
As p r e v i o u s l y  m en t io n ed ,  t h e  400  MHz *-3C-DEPT s p e c t r a  
o f  t h e  m ix t u r e  i s o m e r s  o f  C373 showed 4 d i s t i n c t  — and 
- m e t h in e  carbon r e s o n a n c e s  a t  & 5 3 . 3 ,  4 0 . 6  in  c i s  and 
S 4 3 . 2 ,  5 4 . 7  in  t r a n s  isomer ( F i g .  5 ) .  T h is  a ss ig n m en t  
i s  su p p o rted  by Tan’ s  r e p o r t 1* 7* on c i  s — and t r a n s - 2 . 3— 
dim ethy l  eye  1o p e n ta n o n e .  The t r a n s  s t e r e o c h e m i s t r y  in  C371 
was a l s o  i d e n t i f i e d  by u t i l i z i n g  *H, 13C—NMR and DEPT in  
t h e  h igh  f i e l d  NMR, combined w i th  2D 13C—XH c o r r e l a t i o n  
s p e c t r a  t o  d e te r m in e  t h e  CaH-CaH c o u p l i n g  c o n s t a n t  a s  e x ­
p la i n e d  n e x t .  The a l r e a d y —a s s i g n e d  c h e m ic a l  s h i f t s  o f  t h e  
m eth ine  carbon a t  £  5 0 . 0  ppm for c i s -C 37]  and 4 6 . 6  ppm 
for t r a n s —C371 were c o r r e l a t e d  t o  p r o to n  c h e m ic a l  s h i f t s  
on t h e  2D l 3 C—XH c o r r e l a t i o n  sp ec tru m  CFig. 8)  which  
were th e n  r e f e r r e d  t o  t h e  200 MHz *H—NMR ( F i g .  10) and 
a s s i g n e d  t o  be at & 2 . 0 9 4 9 ,  2 . 0 6 3 6  ppm and & 2 . 1 6 2 3 ,
FI(j, 10 ; 200 MHZ 'h NMR OF [57J CPREMRGb FROM 2-OCLOPENT£NON£X
1 2 5
2.1073 ppm, respectively. The figures 0.0316 and 0.0550 
ppm from the substraction of two pairs 2.0949, 2.0636 and 
2.1623, 2.1073 were multiplied by 200 (since the 200 MHz 
NMR spectrum was used) to give the CaH-C3H coupling 
constants, 6.3 Hz for cis Z371 and 11 Hz for trans Z 3 7 1 .  
The value 11 Hz is in the region characteristic of trans—
2,3—dialkylcyclopentanones but too large for a cis-2 .3— 
dialkylcyclopentanones whose coupling constant bet­
ween 2 methine protons is 6.3 Hz.
Qas chromatography <SE—30 column) is also helpful 
in the stereochemical determination. Cis-2.3-dialkvlcv- 
cloalkanones <5— and 6— membered rings ) have longer re­
tention times than do their trans counterparts 
Table 3 shows five known examples to support the state­
ment above. The retention time of the minor component 
in the mixture of 1 3 7 1  isomers, which was assigned the 
cis stereochemistry by NMR, was 11.8 min., and that of 
trans Z371 was 11.5 min.
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T a b l e  3.
Entrty
R e t e n t i o n  t i m e s  o f  c i s — and t r a n s —
2» 3 —d i a l k y l c y c l o a l k a n o n e s .
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B. Stereochemical assignments for C631.
The assignment for cis-  and trans-C653 were based 
on the fact that protons on a five— or six-membered ring 
c* to a substituent (such as alkyl groups) are more 
shielded when they are cis to this substituent than when 
they are transiyo and based on the generalization obser­
ved by Pfeffer and Osman1'7’‘ that C<3)—methyl substituents
in the cis isomers of 2 ,3-dialkylcycloalkanones appear 
upfield ( A5 0.22—0.28) relative to that of the correspon­
ding methyl in the trans isomer.
Based on the generalization above, assignment for 
cis and trans stereochemistries for [631 was based on tH 
NMR. The Me group of ci s—C633 (minor isomer) and trans-  
[633 (major isomer) occurred at 0.81 and 1.13 ppm, res­
pectively, and appeared as doublets with coupling 
constants 7.0 Hz and 6.6 Hz, respectively, due to the' 
fact the Me of the cis isomer is shielded as seen in 
Pfeffer and Osmanrs generalized observation.
The mixture was analyzed by GC on a 30m-SE-30 
column, the retention times for the major and minor iso­
mers were 13.5 and 13.6 min respectively. Thus, since 
the major isomer has been assigned the trans geometry 
based on NMR, i t  is the isomer with shorter retention 
time. This is in agreement with previous observations. 
These ‘■H NMR and GC data are in agreement with those for 
cis— and trans—2—a l1v l—3—methyl-cvc1ohexanone132.
The stereochemical assignments for [631 were also 
based on l3*C—NMR observations and coupling constants of 
the two methine protons. The arrangement of the 2 side— 
chains at Ca and C-3 of [631 was deduced from the maqnitude 
of Jc-2h, c-3h (about 5.9 Hz for the ci s—[631 and 11.0 Hz 
for the trans—[631)172. The 13C NMR spectrum of [631 
contained one set of 12 aliphatic signals (20.52, 20.99,
26.13, 26.97, 26.71, 27.03, 28.46, 33.14, 38.31, 41.50,
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55.29,and 64.56 ppm) and 2 carbonyl carbon signals <171.22 
and 213.17 ppm). Additional minor signals <14.5, 23.64, 
25.49, 26.05, 26.28, 31.46, 36.33. 41.27, 55.03, 64.48 are 
also present <Fig. 11). The spectral data indicated that 
C63D was a mixture of trans and cis isomers. In a manner 
similar to the assignments of CH, CH*, CH3 group in E373 
as discussed earlier, the 13C-DEPT-NMR spectrum <Fig. 
12) of E63!l gave carbon chemical shifts of <i) CH3 attach­
ed to the ring at 14.50 <osinor) and 20.52 ppm <major), and 
CH-* attached to an acetoxy group at 20.99 ppm <ii) CH* 
groups at 26.13, 26.97, 26.71, 27.03, 28.46, 33.14, 41.50, 
64.56 ppm <major) and 23.64, 26.05, 26.28, 31.46, 64.48 
ppm <minor peaks) < iii)  CH groups at 38.31, 57.28 <major) 
and 36.33, 55.03 minor). <These assignments were confirm­
ed by iaC-1H shift correlation spectrum <Fig. 13).) Among 
carbon chemical shifts of the CH3 group, 20.5 ppm was 
assigned to trans and 14.5 ppm to cis-C631 based on the 
fact that methyl groups in a cis configuration shield each 
other more effectively than when they are trans173. The 
chemical shifts of the methylene carbon attached to C-2 of 
the cyclohexanone ring <*CHa) were assigned to peaks at 
28.4 ppm for the trans isomer and at 25.49 ppm for the 
cis isomer by analogy with literature data for cyclohexane
and cyclohexanone derivatives x~r 'a .
V -gauche effect has been discussed previously.
In the cis isomer of E631 the effect causes an up field  
shift of the signals for both ~C and relative to those
FlCr■ 11 • 400  MHZ ^C.NMR SPECTRUM OP C65J.
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CORRECTION SPECTRUM OF C653-
132
in the trans isomer of t&33 as shown in Table 4 .
Table 4
13C shifts (ppm) Stereochemistry.
-CH* —CH»
28.40 20.5 Trans.
25.49 14.5 Ci s.
A comparision of the iaC chemical shift values for 
the ci 5— and trans-C633 showed that ring carbons at C*- 
and p-position are at higher field in Cis <54.9 and 3&.2 
ppm, respectively) than in trans <57.2 and 38.2 ppm, res­
pectively). These assignments are based on comparision 
with l3C NMR spectra of 2— and 3-methylcyclohexanone176 
and 1,2-dimethylcyclohexane1':''4.
The assignment of trans stereochemistry is consistent 
with the observation that the isomer was not epimerized 
by exposure to ethanolic potassium hydroxide, whereas the 
cis isomer does undergo epimerization.
C. Stereochemical assignments of C203 and C213.
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The stereochemstry of E203 was assigned according 
to analysis of 1H, 13C—DEPT, *H— 13C shift correlation 
NMR <400 MHz>. The trans-  and c i s-rel at i onshi p of 
the 2 alkyl groups could not be determined by NMR spec­
troscopy directly on a mixture of E213 because insuffic i­
ent product was available to obtain 13C NMR and 13C—*H 
shift correlation spectra of E213. However, such spectra 
were obtained for the precursor, the alcohol E753. Acety— 
lation of trans- and c i s-E753 produced trans— and ci s- 
[211 having the same isomer ratios. Neither heat nor 
acid nor base catalyst was applied during the acetyl at ion 
reaction to cause any loss of stereochemical integrity.
E753 and C20] were stereochemically homogenous with 
their starting materials E633 and C373, respectively , as 
deduced from *H NMR, in spite of the newly formed double 
bonds in [753 and C203. Jaenicke and Boland1"7"7, reported 
a good, handy method to determine stereochemical assign­
ments of a series of 6 multifidens derivatives which are 
3, 4-di substituted cyclopentenes (Table 5!>. The tertiary  
protons of the c i s-mult i f i den were located at & 2.9 <C4>
and 3.6 (03), whereas the corresponding trans-isomer 
showed resonances at 6 2.6 and 3.3 respectively. This 
correlation can be applied in the present work after the 
assignments of the 03 and 04 peaks in the 13C and 1H-NMR 
spectra of E753 and E203 are made. Thel3C-DEPT-NMR spec­
trum (Fig. 14) of the mixture of E203 isomers contained 
major CH signals at S 45.72 and 51.56 ppm (the minor siq-
T?10 POO 190 IHO *1 1 '0 1160 1160 TH O -  T ‘ 130
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nals of CH group cannot be resolved) which were correla­
ted to 13C-1H shift correlation spectrum of C203 (Fig. 
14 A) to give chemical shifts of CH protons for the major 
isomer of C203 at 1.66 and 2.23 ppm, respectively. The 
400 MHz ‘H-NMR spectrum (Fig. 15) of C203 showed the 
mixture having 2 isomers (cis and trans) . The minor CH 
proton peaks were clearly resolved downfield from the 
major CH proton peaks at 8 1.94 and 2.49 ppm, and thus 
should be assigned to the cis isomer according to the 
correlation of Jaenicke and Boland17"7’.
The 13C-DEPT-NMR spectrum (Fig. 16) of the mixture of 
E753 isomers showed 4 CH signals at 8 31.6, 38.7 ppm 
(for the major isomer) and 30.10, 32.90 (for the minor 
isomer); and 2 CH» peaks at 8 14.7 (minor) and 20.1 ppm 
(major). These chemical shifts of 4 CH carbon peaks were 
correlated to 1S*C—1H shift correlation spectrum (Fig.
17) of C753 to 4 CH proton peaks at 8 1.38, 1.88 ppm (for
the ma.jor isomer) and 8 1.68, 2.07 ppm (for the minor 
isomer). Application of Jaenicke and Boland’ s correlation 
in the stereochemical assignment of E753 leads to the 
identification of the methine protons of (i> trans-C753 
as those which absorb at 8 1.38 and 1.88, and the analo­
gous absorptions of cis-[753 as those at 8 1.68 and 2.07 
( i i )  trans-E203 as those which absorb at 8 1.66 and 2.23 
and the analogous absorptions of i s—[203 as those at 8 
1.94 and 2.49. Table 5 summarizes these chemical shifts 
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MuHî fden derivatives C753
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The stereochemical assignment for C75D was further 
confirmed by analysis of l H and *"C-NMR spectra. As in 
its  starting material C633, methyl proton and methyl 
carbon signals of ciS-E753 were at higher field  (0.B5 and 
14.7, respectively! compared to those of trans-C463 < £
0.96 and 20.1, respectively), which is expected based on 
the earlier discussion of stereochemical assignment for 
C63D.
The assignments of major and minor isomers in E75] 
and E20D lead to conclusion that the s ily l enol ether -  
hydroboration reaction used to prepare the alkenes from 
the corresponding ketones preserved the stereochemical 
relationship between substituents at C2 and C3 in the
1*4-3
ketone. This retention of stereochemical relationship 
should probably be expected because the s ily l enol ether 
formation was carried out under conditions of kinetic 
control.
D. Stereochemical assignment for CIS] and £19].
The relationship between the vicinal coupling 
constant (J) and the dihedral angle between the protons 
is described by Karplus equation178*. One of the most 
important consequences of the Karplus equation is that 
the magnitude of coupling constants can lead to the pre­
diction of stereochemical assignment in 1,2 disubstituted 
cyclohexane systems. However, in cyclopentane rings, 
vicinal proton coupling constants for cis and trans deri­
vatives are very similar, and the stereochemical rela­
tionship of substitutents on adjacent carbons cannot
readily be evaluated from coupling constant data178*.Thus 
the stereochemical assignment of £18] cannot be made. 
These substituents in £18] are in the thermodynamically 
more stable trans configuration based on MM2 calculation 
in 1.2—diethyl eye 1opentane which will be discussed later.
The assignment of stereochemistry in the mixture of 
£19] isomers was established by 400 MHz *H and 13C-DEPT 
NMR studies. The l3C-NMR spectrum of £19] showed one set
of 13 aliphatic signals (20.3, 20.99. 25.88, 26.23,
26.53, 26.67, 26.95, 31.79, 33.42, 35.91, 36.94, 43.34.
64.66 ppm) and 1 carbonyl carbon signal 171.24 ppm).
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Additional minor signals (13.82, 22.13, 25.15, 26.39, 
32.18, 39.82) were also present. The spectral data 
indicated that C193 was a mixture of trans and cis iso­
mers. The DEPT (Fig. IB) method at 400 MHz identified  
carbon chemical shifts of ( i)  CHa groups at 13.82, 20.30, 
20.99 ppm ( i i )  CH3 groups at 22.13, 25.15, 26.39, 26.23, 
26.58, 26.57, 26.95, 31.79, 33.42, 35.91, 64.66 ppm ( i i i )  
CH groups at 32.18, 39.82 (for the minor isomer C191) 
and 36.94, 43.84 ppm (for the major isomer of C193). 
Based on a comparision of carbon chemical shifts in c i s— 
and trans-1 . 2-dimethyleyelohexane173 to those in C191, 
led to the assignments of the methyl carbon and the two 
tertiary carbons at & 20.3, 36.9 and 43.8 to trans C191. 
In contrast, the methyl carbon and two tertiary carbons 
in cis C19D were relatively shielded and located at 
& 13.8, 32.2 and 39.8 ppm.
These are a ll reasonable expectation based on the fact 
that the cis-isomer w ill exist as a mixture of axial,equa­
torial conformations, whereas the trans isomer w ill be 
exclusively di—equatorial . The ci_s—isomer will thus show a 
large X-effect. In line with this agreement, the protons 
attached to the ring methyl in the ci s- i somer appear up- 
field (S 0.82) from those in the trans-isomer 0.88). It
is also worth noting that in the series of compounds gene­
rated here, as well as in a few literature examples, when 
the 1,2—substituents are cis to one another, JHC_CH 
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<7.12 Hz in [191 than when the substituents are trans 
<6.45 Hz in [191. These methyl coupling constant and chem- 
mical shift values are almost identical to those in 1631 
and [211.
The stereochemical assignment for [191 was further 
reinforced by J C h ~ c m  coupling constant. The 400 MHz 1M 
NMR spectrum of [191 showed the two methine protons at 
& 1.7353 and 1.7631 for the major isomer and at S
1.5390 and 1.5488 for the minor isomer. <The chemical 
shift assignments were based on analogy with literature  
data for cyclohexane derivatives‘ 7ab■c). The figures 
0.0278 and 0.0098 ppm from the substraction of 2 pairs 
1.7631, 1..7353 and 1.5488, 1.5390 were multiplied by 400 
(since the 400 MHz NMR spectrum was used!) to give the 
CiH—CaH coupling constants, 11 Hz for the major isomer 
and 4 Hz for the minor isomer. The value 11 Hz is in the 
region characteristic of trans-1 .2-dialkylcvclohexanes but 
too large for a cis counter parts . The isomer II191 
which had J c h - c h  value about 11 Hz was assigned to be 
trans-C191 and the other with J C h - c m  value about 4 Hz was 
determined to have cis-configuration.
V. MM2 CALCULATIONS OF CONFORMATIONAL ENERGIES OF 
CYCLOPENTANE, CYCLQPENTENE, CYCLOHEXANE, AND 
CYCLOHEXENE DERIVATIVES.
In order t o  c l a r i f y  t h e  c o n fo rm a t io n a l  s t r u c t u r e s  
o f  t h e  pheromone a n a l o g s  s y n t h e s i z e d  CIS—213,  m o lecu la r  me­
c h a n i c s  c a l c u l a t i o n s  ( A l l i n g e r ' s  MM2 program) X7"9  for t h e  
models  ( 1 , 2 —d i e t h y l e y e l o p e n t a n e  C7B1; 3 , 4 —d i e t h y l e y e 1open— 
t e n e  C791; 2 - e t h y l m e t h y l c y c l o h e x a n e  C803; and 3 - e t h y l - 4 — 
m e th y le y e lo h e x e n e  C813) were c a r r i e d  o u t .  General p r i n c i ­
p l e s  about c o n f o r m a t io n s  o f  1 , 2  d i s u b s t i t u t e d  c y c l o a l k a n e s  
( 5 -  and 6-membered r i n g 1*®0 ) ,  c y c l o h e x e n e  and c y c l o p e n t e n e  
a re  o u t l i n e d  h e r e .  The r e s u l t s  for  t h e  c o n fo rm a t io n a l  
e n e r g i e s  o f  t h e  m odels  a r e  a l s o  d e s c r i b e d .
1. General  p r i n c i p l e s ; L ike  c y c lo h e x a n e  and monosub­
s t i t u t e d  c y c l o h e x a n e s ,  d i s u b s t i t u t e d  c y c lo h e x a n e s  e x i s t  in  
c h a ir  c o n f o r m a t io n s .  In a d d i t i o n ,  1 , 2 - d i s u b s t i t u t e d  c y c l o ­
hexanes  e x i s t  in  c i s  and t r a n s  c o n f i g u r a t i o n s .  The t r a n s  
isomer Cdl p a i r )  i s  e i t h e r  d i e q u a t o r i a l  ( e , e )  or d i a x i a l  
( a , a )  w ith  t h e  d i e q u a t o r i a l  confo rm a t io n  predom inat ing  by 
far e x c e p t  in  v e ry  unusual c i r c u m s t a n c e s .  The c i s  isomer  
i s  e i t h e r  e q u a t o r i a l - a x i a l  or a x i a l - e q u a t o r i a l . When t h e  
two s u b s t i t u e n t s  a r e  d i f f e r e n t ,  t h e  conform at ion  in  which 
t h e  l a r g e r  s u b s t i t u e n t  i s  e q u a t o r i a l  w i l l  be  predominant,  
and t h e  compound i s  p o t e n t i a l l y  r e s o l v a b l e .  When t h e  two
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s u b s t i t u e n t  a r t  t h e  same and c i a  (but not  t r a n s ) ,  t h a  two  
c o n fo r m a t io n a l  i so m e r s  ara  mirror imagas o f  aach o t h a r .  In 
t h i s  c a s a  ona i s  d a a l i n g  w i th  a r a p i d l y  i n t a r c o n v a r t i n g ,  
n o n - r e s o l v a b l e  dl p a i r 1 - 1 . I t  might ba notad t h a t ,  for  
1 , 2 - d i s u b s t i t u t e d  c y c lo h e x a n a s  t h a  t r a n s  isomBr ( e , e )  i s  
mora s t a b l e  than t h a  c i s  ( a , a )  b e c a u se  o f  t h a  g r e a t e r  num­
ber o f  e q u a t o r i a l  s u b s t i t u e n t s .
C y c lo p en ta n e  i s  a f l e x i b l e  m o le c u le .  I t  h a s  been  
shown t h a t  two o f  t h e  p o s s i b l e  c o n f o r m a t i o n s 1 - a ( t h e  h a l f  
c h a ir  and t h e  e n v e lo p e )  ara  more s t a b l e  than t h e  o t h e r s .  
In c y c l o p e n t a n e  i t s e l f ,  t h e r e  i s  l i t t l e  i f  any e n e rg y  d i f ­
f e r e n c e  between t h e  two c o n f o r m a t io n s .  The m o le c u le  i s  
t h u s  in  a r a p id  s t a t e  o f  c o n fo r m a t io n a l  f l u x  through what 
i s  known a s  " p s e u d o r o t a t io n " 1 M . In t h e  c o u r s e  o f  t h i s  
p s e u d o r o t a t io n  t h e  i n t e r n a l  e n e rg y  o f  c y c l o p e n t a n e  cha nges  
l i t t l e  (by l e s s  than 6 . 0  c a l / m o l e  a t  room t e m p e r a t u r e ) 1 - 0 , 
s o  t h a t ,  u n l i k e  in  t h e  c h a ir  form o f  c y c lo h e x a n e ,  no d e f i ­
n i t e  en e rg y  minima (c o r r e sp o n d in g  t o  s t a b l e  c o n fo r m a t io n s )  
and maxima come i n t o  p r o o f .  The s i t u a t i o n  may change  in  
s u b s t i t u t e d  c y c l o p e n t a n e s .  There i s  e v id e n c e  t h a t  c e r t a i n  
s u b s t i t u t e d  c y c l o p e n t a n e s  e x i s t  p r e f e r e n t i a l l y  w ith  a g eo ­
metry c l o s e  t o  e i t h e r  t h e  h a l f - c h a i r  or e n v e lo p e  form, 
which t h u s  corresp ond  t o  r e a l  energy  w e l l s  or s t a b l e  con­
f o r m a t io n s ,  s i m i l a r  t o  t h e  e q u a t o r i a l l y  and a x i a l l y  s u b s ­
t i t u t e d  c h a ir  forms in  c y c lo h e x a n e .  I t  a p p e a r s l s “*that  t h e  
s t a b l e  co n fo rm a t ion  o f  methyl  e y e l o p e n t a n e  i s  an e n v e lo p e  
form in  which t h e  methyl group o c c u p i e s  an " e q u a t o r ia l"
1^9
p o s i t i o n  a t  t h s  t i p  o f  t h e  e n v e lo p e )  in  t h i s  form t h s r s  
i s  a minimum o f  e c l i p s i n g .  A more c o n v i n c in g  example  o f  
e n v e lo p e  co n fo rm a t ion  i s  p r e s e n t e d  by t h e  1 , 2 - d i m e t h y l c y -  
c l o p e n t a n e s .  The t r a n s  isomer i s  t h e  th e r m o c h e m ic a l ly  
more s t a b l e  by 1 .71  k c a l / m o l e 1®0 , which i s  o n l y  a l i t t l e  
l e s s  than  t h e  c o r r esp o n d in g  d i f f e r e n c e  for  t h e  c y c l o h e ­
xane a n a l o g s  <1.87  k c a l / m o l e ) 1" ° .
In g e n e r a l ,  t h e  c o n fo r m a t io n a l  a s p e c t s  o f  c y c l o h e x ­
ene  and c y c l o p e n t e n e  have  not  been e x p lo r e d  so  e x t e n s i v e ­
l y  a s  one might hope.  The c o n fo rm a t io n  o f  c y c l o h e x e n e  i s  
t h a t  o f  a f l a t t e n e d  c h a ir  or h a l f - c h a i r 1"0 . I t  might be
noted  t h a t ,  in  t h e  h a l f - c h a i r  form, c y c lo h e x e n e  i s  a c h i —
*
r a l  m o l e c u l e ,  but c h a ir  i n v e r s i o n  r e a d i l y  c o n v e r t s  one  
enantiomer t o  t h e  o t h e r ,  t h e  s i t u a t i o n  b e in g  s i m i l a r  t o  
t h a t  in  c _ i s - l , 2 -d im e th y l  c y c l o h e x a n e .  The c i s  < e* ,a  or
a ’ , e )  and t r a n s  (a,a’ ) i so m e r s  o f  3 - c y c l o h e x e n e - l , 2 - d i -  
c arb oxy l  i c  a c id  a r e  known1"®*. The c i s  i s  c o n v e r t e d  t o  t h e  
t r a n s  by b a s e .
Models s u g g e s t  t h a t  c y c l o p e n t e n e  i s  more s t r a i n e d  
than c y c l o h e x e n e .  N e v e r t h e l e s s ,  h y d ro g e n a t io n  o f  c y c l o ­
p e n t e n e 1"" i s  1 . 6 6  k c a l /m o le  l e s s  ex oth erm ic  than hydro­
g e n a t io n  o f  c y c l o h e x e n e .  C l e a r l y  t h e  g r e a t e r  a n g l e  s t r a i n  
in  t h e  c y c l o p e n t e n e s  i s  more than o f f s e t  by t h e  g r e a t e r  
r e s i d u a l  e c l i p s i n g  s t r a i n  in  t h e  c y c l o p e n t a n e  hydrogena­
t i o n  p r o d u c t s .
2 .  R e s u l t s  for  t h e  c o n fo r m a t io n a l  e n e r g i e s  o f  t h e  
m o d e ls ; The s t e r i c  e n e r g i e s  o f  t h e  models  were c a l c u l a t e d
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u s in g  t h s  MM2 program o f  A 1 l i n g e r 179 which i s  based  on 
a f o r c e  f i e l d  method. The MM2 program a p p o r t i o n s  t h e  
t o t a l  e n e rg y  i n t o  c l a s s i c a l  c o m p re ss io n ,  b e n d in g ,  s t r e t c h -  
bend, van der Maals, t o r s i o n a l  and d i p o l e  e n e r g i e s .  The 
form o f  t h e  e q u a t i o n s  used t o  c a l c u l a t e  t h e s e  energ y  com­
p o n en ts  can be found in  t h e  r e f e r e n c e  above .  The
r e s u l t s  r e p o r t e d  h e r e  have used t h e  b u i l t - i n  param eters  
for c y c l o a l k e n e s  and c y c l o a l k a n e s  in  t h e  QCPE r e l e a s e  o f  
t h e  program t o  c a l c u l a t e  t h e  s t e r i c  e n e r g i e s  i n  C7B—811.
From a p a r t i c u l a r  s e t  o f  input  c o o r d i n a t e s
t h e  MM2 program d o e s  not  in  g e n e r a l  r a p i d l y  f in d  
a g l o b a l  minimum energ y  s t r u c t u r e ,  but r a th e r  t h e  n e a r e s t  
l o c a l  minimum. One can a r r i v e  a t  a g l o b a l  minimum c o n f o r ­
mation u s i n g  MM2 in  s e v e r a l  ways, which i s  i l l u s ­
t r a t e d  w ith  C791 in  t h e  f o l l o w i n g  d i s c u s s i o n .  The
t a s k  i s  t o  g e n e r a t e  s t r u c t u r a l  p aram eters  for t h e  most 
s t a b l e  conform at ion  o f  t h e  m o le c u le .  Envelope  c o n f o r ­
mers o f  c y c l o p e n t e n e  and s u b s t i t u t e d  c y c l o p e n t a n e s  hav ing  
Cs symmetry a r e  known t o  be more s t a b l e  than h a l f - c h a i r  
c o n fo r m e r s107 , and one can s t a r t  im m ed ia te ly  w ith  atomic  
c o o r d i n a t e s  d e r iv e d  by making a r e a s o n a b l e  g u e s s  a t  bond 
a n g l e  and d ih e d r a l  v a l u e s ,  u s in g  for i n s t a n c e  v a l u e s  for  
c y c l o p e n t e n e  C843. Once c o o r d i n a t e s  a r e  s u p p l i e d  t h e  
program can be asked t o  m in im ize ,  but s p e c i f y i n g  t h a t  Cs  
symmetry be r e t a i n e d .
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The r i n g  sy s te m  CB43 i s  o f  c o u r s e  a s i m p l e  example  
for  a p p l y in g  a s y s t e m a t i c  approach t o  f i n d i n g  t h e  g l o b a l  
minimum. C a l c u l a t i o n s  on t h e  c i s -  and t r a n s - isomer o f
3 . 4 - d i m e t h y l c y c l o p e n t e n e  s t a r t i n g  w ith  t h e  c o o r d i n a t e s  
for  t h e  m in im ized  Cm s t r u c t u r e  o f  CS4] and s u b s t i t u t i n g  
methyl c i s  Cor t r a n s )  t o  one  anoth er  on C3 and C4, then  
c a r r y in g  out  t h e  m i n i m iz a t io n ,  r e s u l t s  in  a s t r u c t u r e  
w ith  a t o t a l  s t e r i c  e n erg y  a lm ost  1 .1 5  k c a l / m o l e  
g r e a t e r  than t h a t  for  t h e  o v e r a l l  minimum conformer o f  
c i s - 3 , 4-Me3-C843 and 1 .0 4  k c a l / m o l e  g r e a t e r  than  t h a t  
for  t h e  o v e r a l l  minimum conformer o f  t  r an s - 3 . 4-Me3-C8 4 1 . 
The l a t t e r  con fo rm e rs  Cc i s -  and t r a n s - i s o m e r  w i th  minimum 
e n erg y  for  e a ch )  were found u s i n g  a l t e r n a t i v e  s e t s  o f  
inp ut  c o o r d i n a t e s .
In a manner s i m i l a r  t o  t h e  above  c a l c u l a t i o n s ^  mi­
nimum e n e r g y  conformer o f  c i s -  and trains—3 , 4 - d i e t h y l  c y ­
c l o p e n t e n e  C79D were found s t a r t i n g  w ith  t h e  c o o r d i n a t e s  
for t h e  m inim ized C* s t r u c t u r e s  o f  c i s -  and t r a n s -
3 . 4 —Mea—C843 and s u b s t i t u t i n g  m e th y l s  for  h y d rogens  on
I
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CG and C 7 ,  th en  c a r r y i n g  out  t h e  m i n i m iz a t io n  for each  
i so m e r .  None o f  t h e  con form ers  g e n e r a t e d  by t h e  9 
pathways i s  e x a c t l y  i d e n t i c a l  t o  any o f  t h e  o t h e r s f but 
t h e y  c o n v e r g e  on a lo w e s t  energy  form. For c i s - C793 t h e  9 
d i f f e r e n t  m in im iz a t io n  pathways g i v e  c o n fo rm e rs  d i f f e r i n g  
by a s  much a s  5 . 0  k c a l / m o l ,  and by 2 . 7  k c a l /m o l  for  
t r a n s -C 7 9 3 . In e f f e c t , t h e  p r o c e s s  i n v o l v e s  p o s t u l a t i n g  
inp ut  d a t a  c l o s e  t o  l o c a l  minima and s u r v e y i n g  a l l  l o c a l  
minima t o  a s s u r e  t h a t  t h e  l o w e s t  e n e r g y  c a l c u l a t e d  
s t r u c t u r e s  a r e  g l o b a l  minima. The r e s u l t s  for t h e  
s t e r i c  e n e r g i e s  o f  t h e  models  be low  from MM2 c a l c u l a ­
t i o n  a r e  r e p o r t e d  next
HQ] [ 8 0 ]
a .  1 , 2 - d i e t h y l c y c l o p e n t a n e  E7B3:
C on form ationa l  e n e r g i e s  o f  l r2 - d i e t h y l c y c l o p e n t a n e  
which were c a l c u l a t e d  from MM2 i n d i c a t e  t h a t  t h e  e n v e lo p e  
form i s  fa v o re d  i n  accord  w ith  t h e  o b s e r v a t i o n  o f  De 
C le r c q ,  Brute her and P i t z e r  P i t z e r  and D onath106*
found t h a t  t h e  e n v e lo p e  was s l i g h t l y  more s t a b l e  than  t h e  
h a l f - c h a i r  by 0 . 5 3  k c a l /m o l  a t  t h e  e q u i l i b r i u m  p o s i t i o n  
for  c y c l o p e n t a n e  i t s e l f ,  a l th o u g h  c y c l o p e n t a n e  i s  c h r a c t e -  
r i z e d  by f u l l  p s e u d o r o t a t i o n .  Brutcher  and Bauer 1B9 d i s ­
covered  in  t h e  m axim ally  puckered m odels  ( h i g h l y  s u b s t i t u ­
t e d  and r i n g  fu s e d  c y c l o p e n t a n e s )  t h a t  t h e  e l e c t r o n  c o r r e ­
l a t i o n  v a l u e  for t h e  e n v e lo p e  was a g a in  l e s s  than  fo r  t h e  
h a l f - c h a i r ,  but t h e  e f f e c t  i s  p a r t i a l l y  wiped out  i n  t h e  
e n v e lo p e  by t h e  r a p id  i n c r e a s e  o f  bond bending  s t r a i n  s o  
t h a t  t h e  two h e a t s  o f  fo rm a t io n ,  7 . 3 5  v s .  7 . 6 4  k c a l / m o l ,  
a r e  n e a r l y  e q u a l .  De C l e r c q 1®0 r e p o r t e d  t h a t  t h e r e  i s  a 
b a r r i e r  t o  p s e u d o r o t a t i o n  for s u b s t i t u t e d  c y c l o p e n t a n e  de­
r i v a t i v e s  e g .  10 kJ/mol or 2 . 4  k c a l /m o l  between t h e  h a l f ­
c h a ir  EB23 and t h e  m ore - fa vo red  e n v e lo p e  form EB31.
The r e s u l t s  for  t h e  s t e r i c  energy  c a l c u l a t i o n s  on 
E7B] a r e  l i s t e d  i n  Table  6 .  The most s t a b l e  conform er o f  
conformer o f  E783 i s  t h a t  w ith  t h e  two e t h y l  grou p s  in
1 Sk
" s q u a t o r i a l " p o s i t i o n s ,  and i s  t h e  t r a n s  i so m e r .  Ths 
c o n fo r m a t io n a l  s n s r g y  d i f f s r s n c s  betwsan d i s q u a t o r i a l  and 
d i a x i a l  in  t h s  t r a n s  isom sr  o f  C783 i s  about 1 . 1 6  k c a l /m o l .  
Ths c i s  i s o m s r s  a r s  l a s s  s t a b l e  than t h s  t r a n s  i s o m e r s .  
For t h e  c i s  isom sr  o f  C783, t h e  conformer w ith  t h e  a x i a l  
e t h y l  group a t  t h e  t i p  o f  t h e  e n v e lo p e  i s  favored  over  
t h e  one w i th  e q u a t o r i a l  a t  t h e  same p o s i t i o n  by about 0 . 3 5  
k c a l / m o l .  Ths en e rg y  d i f f e r e n c e  between t h e  most s t a b l e  
conformer o f  t h e  c i s  and t r a n s  i so m e rs  o f  C783 i s  2 . 2  
k c a l /m o l .  F u ch s1,01 has  r e p o r t e d  t h e  thermodynamic para­
m eters  for t h e  b a s e  c a t a l y z e d  c i s - t r a n s  e q u i l i b r i a  o f  a 
s e r i e s  o f  d i a l k y l  c y c l o p e n t a n e —1 , 3 —d i c a r b o x y l a t e s ,  and con­
c lu d ed  t h a t  t h e  p o s i t i v e  e n tro p y  d i f f e r e n c e s  found for t h e  
e q u i l i b r i a  c i s - t r a n s  <2 .4  J /m ol .K  or 0 . 5  c a l / m o l . K )  appa­
r e n t l y  o r i g i n a t e  in  a more v a r i g a t e d  co n fo rm a t io n a l  popu­
l a t i o n  o f  t h e  t r a n s - i so m e r  due t o  l e s s  r e s t r i c t e d  pseudo­
r o t a t i o n .  The d i f f e r e n c e  in  e n t r o p y - o f - m i x i n g  term s b e t ­
ween c i s -  and t r a n s - 1 , 3 - d i m e t h y l c y c l o p e n t a n e  computed by 
De C l e r c q 100 i s  2 J /m ol.K  in  accord  w ith  t h e  above i n t e r ­
p r e t a t i o n .  In 1 , 2 - d i a l k y l e y e l o p e n t a n e s  t h e  t r a n s  i so m e rs  
appear t o  be therm odynam ica l ly  p r e f e r r e d .  Thus for
oc i s ^ i t r a n s - 1 , 2 - d i m e t h y l c y c l o p e n t a n e ,  l i e s  in  t h e  range
- 1 . 7 1  t o  - 1 . 9 4  k c a l / m o l 1 , a . The same tren d  has  been  
found for t h e  1 , 2 -d icarb om ethoxy  and 1 , 2 - d ip h e n y l  e y e l o p e n -  
t a n * s 193!. There i s  l i t t l e  doubt t h a t  t h i s  p r e f e r e n c e  for  
t h e  1 , 2 - t r a n s  geometry s tem s from v i c i n a l  s t e r i c  i n t e r f e -
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r e n c e  o f  s u b s t i t u e n t s  and not  from r i n g  c o n fo r m a t io n a l  
e f f e c t s 1®*.
T ab le  &
S t e r i c  en e rg yCompoundEntry






b. 3 , 4 - d i e t h y l e y e  1o p e n te n e  C793»
The c a l c u l a t i o n a l  r e s u l t s  for  E79D a r e  shown in  
Table  7 .  As w ith  1 , 2 - d i e t h y l c y c l o p e n t a n e ,  3 , 4 - d i e t h y l c y -  
c l o p e n t e n e  has  t h e  e n v e lo p e  form a s  t h e  more s t a b l e .  The 
t r a n s  isomer w ith  d i e q u a t o r i a l  e t h y l  groups  h a s  t h e  
l o w e s t  energ y  ( 1 1 .5 4  k c a l /m o l )  and t h e  c i s  isomer w ith  
an a x i a l  e t h y l  group a t  t h e  4 - p o s i t i o n  has  t h e  h i g h e s t  
energy  ( 1 4 .7 7  k c a l / m o l ) .  The energ y  d i f f e r e n c e  between  
t h e  most s t a b l e  conform ers  o f  c i s  and t r a n s  i s  about 0 . 9 5  
k c a l /m o l .  For t h e  c i s  i s o m e r , t h e  more s t a b l e  conforma­
t i o n  ( 1 2 . 4 9  k c a l /m o l )  p r e f e r r e d  an e q u a t o r i a l  e t h y l  group  
over an a x i a l  one ( 1 4 . 7 7  k c a l /m o l )  a t  t h e  t i p  o f  t h e  en­
v e l o p e ,  u n l i k e  t h e  c o r r e sp o n d in g  1, 2- d i e t h y l c y c l o p e n t a n e  
in  which t h e  more s t a b l e  conformer h a s  an a x i a l  e t h y l .  I t  
i s  worth n o t i n g  t h a t  a l l  t r a n s  i so m e r s  a r e  not  more s t a ­
b l e  than a l l  c i s  o n e s ,  As opposed t o  t h e  c a s e  o f  1, 2- d i ­
e t  hy1c y c1opent a n e .
The f a c t  t h a t  e q u a t o r i a l  s u b s t i t u e n t s  a r e  p r e f e r r e d  
over a x i a l  o n e s  was r e p o r t e d  by T o r o m a n o f f F o r  mono 
s u b s t i t u t e d  e y e 1o p e n t e n e s ,  i t  app ears  t h a t  t h e  e n v e lo p e  
conformer w ith  t h e  e q u a t o r i a l  s u b s t i t u e n t  i s  t h e  more s t a ­
b l e  whether t h e  s u b s t i t u e n t  i s  at  p o s i t i o n  3 or 4 ,  and t h e  
l a r g e r  t h e  s u b s t i t u e n t ,  t h e  l a r g e r  t h e  conformer p o p u la ­
t i o n .  S i m i l a r l y ,  r e l a t i v e  s t a b i l i t y  r e l a t i o n s h i p s  a l s o  
hold  for d i s u b s t i t u t e d  c y c l o p e n t e n e s :  for t r a n s  d i s u b s t i ­
t u t e d  d e r i v a t i v e s ,  u s u a l l y  t h e  e n v e lo p e  w ith  two d ie q u a ­
t o r i a l  s u b s t i t u e n t s  i s  t h e  more s t a b l e ;  for c i s  d i s u b s -
t i t u t e d  e y e 1o p e n t e n e s ,  t h e  more s t a b l e  o f  t h e  two  
e n v e l o p e  co n fo rm e rs  i s  t h e  one w i th  t h e  l a r g e r  s u b s t i t u ­
e n t  in  t h e  e q u a t o r i a l  o r i e n t a t i o n .
T ab le  7
S t e r i c  e n e r g yEntry
(K c a l /m o l )
12.49
11.54
1 2 . 9 2
1 4 .7 7
c . 2 - e t h y l m e t h y l c y c l o h e x a n e  CB03j
The c a l c u l a t i o n a l  r e s u l t s  for  C803 a r e  shown
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i n  T ab le  B. For t h e  c y c lo h e x a n e  t h e  c h a i r  c o n fo r m a t io n  i s  
known t o  be most f a v o r a b l e .  The l o w e s t  s t e r i c  e n e rg y  
i s  t h a t  for  t h e  t r a n s  isomer w i th  2 a l k y l  g r o u p s  in  
e q u a t o r i a l  p o s i t i o n s  < 1 0 .54  k c a l / m o l ) .  In c o n t r a s t ,  when 
2 s u b s t i t u e n t s  a r e  i n  a x i a l  p o s i t i o n s ,  t h e  t r a n s  isomer  
g i v e s  t h e  h i g h e s t  s t e r i c  e n e rg y  < 1 2 .72  k c a l / m o l ) .  In com­
p a r in g  t h e  2 c o n fo rm ers  o f  t h e  c i s  i so m e r ,  t h e  one in  
which t h e  e t h y l  group i s  a t  an e q u a t o r i a l  p o s i t i o n  i s  
more s t a b l e  than t h e  one h a v in g  t h e  a x i a l  e t h y l  by 0 . 4 6  
k c a l / m o l .  The d i f f e r e n c e  between t h e  lo w e s t  e n e r g y  c i s
Tab le  B
Entry S t e r i c  e n e rg yCompound
<K cal /m ol)
1 1 .5 6
1 2 .7 2
1 0 .5 4
1 2 . 0 1
159
isomer and t h e  l o w e s t  en e rg y  t r a n s  isomer i s  about 1.02 
k c a l /m o l .  G e n e r a l ly  t h e  s t a b i l i t y  order  in  2 - e t h y l m e t h y l -  
c y c lo h e x a n e  i s  in  agreement w ith  t h e  w e l l  known t r e n d s  in  
1f 2- d i m e t h y l c y c lo h e x a n e .
d. 3 - e t h y l - 4 - m e t h y l c y c l o h e x e n e  CB13:
Table  9 summarizes t h e  r e s u l t s  for  t h e  c o n fo r m a t io n a l  
e n e r g i e s  o f  C813. The p r e f e r r e d  c o n fo rm a t ion  o f  t h e  c y c l o ­
hexene  r i n g  i s  a h a l f —c h a ir  form. As w ith  2 - e t h y l m e t h y l c y —
T ab le  9 .
Entry Compound S t e r i c  energy
CKcal/mol)
9 . 2 9
9 . 0 9
8 . 5 0
4. 8 . 9 7
c lo h e x a n e  t h e  most s t a b l e  conformer o f  t h e  t r a n s  isomer
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h a s  2 a l k y l  groups  in  e q u a t o r i a l  p o s i t i o n s  ( 8 . 5 1  k c a l /m o l )  
and t h i s  conformer i s  0 .5B  k c a l /m o l  more s t a b l e  than t h e  
t r a n s  isomer w i t h  d i a x i a l  a l k y l  g r o u p s .  In t h e  2  c o n f o r ­
mers o f  t h e  c i s  i s o m e r f t h e  one i n  which e t h y l  i s  in  an 
an a x i a l  p o s i t i o n  shows a lower c o n f o r m a t io n a l  en e rg y  
( 8 . 9 7  k c a l / m o l )  than  t h e  one h av in g  an e q u a t o r i a l  e t h y l  
( 9 . 2 9  k c a l / m o l ) .  In c o n t r a s t  t o  t h e  c y c l o h e x a n e  c a s e ,  t h e  
t r a n s  d i a x i a l  isomer o f  t h e  c y c l o h e x e n e  i s  not  t h e  l e a s t  
s t a b l e  conform er .
e .  C o n c l u s i o n : The r e s u l t s  for  t h e  c o n fo r m a t io n a l  
e n e r g i e s  o f  t h e  m odels  C78-81D from MM2 c a l c u l a t i o n s
F ig .  19 .
C 193UI8J
C2C1
show t h a t  t r a n s  isomer which has  d i e q u a t o r i a l  s u b s t i t u e n t s
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i s  t h e  most s t a b l e  for  a l l  c a s e .  The pheromone a n a l o g s  
s y n t h e s i z e d  C18-211 in  t h e  p r e s e n t  work have  a l l  o b t a in e d  
a s  m ix t u r e s  in  which t h e  t r a n s  isomer i s  t h e  major i so m e r .
The r e s u l t s  from MM2 c a l c u l a t i o n s  o f  t h e  a n a l o g s  s u g g e s t
t h e  most s t a b l e  confom ers  o f  t h e  pheromone a n a l o g s  are  
t h o s e  shown in  F i g .  IS .
The c y c l o a l k e n e s  prepared  in  t h i s  work a r e  c l o s e  
a n a lo g s  o f  t h e  n a tu r a l  pheromone o f  t h e  cabbage  lo op er  
moth. The a n a l o g s  prepared w i l l  have c o n f o r m a t io n s  q u i t e  
d i f f e r e n t  from t h e  p r e f e r r e d  one o f  t h e  n a t u r a l  pheromone,  
which i s  an e x ten d ed  c h a i n .  N e v e r t h e l e s s r t h e  m olecu lar  
m echan ics  c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  c y c l i c  a n a l o g s ,  
which h a v in g  much l e s s  c o n fo r m a t io n a l  freedom than t h e  
a c y c l i c  pheromone, w i l l  not  have  f i x e d  c o n f o r m a t io n s .  In 
t h e  c a s e  o f  t h e  c y c l o p e n t e n e  a n a l o g s ,  t h e  c a l c u l a t i o n s  
i n d i c a t e  t h a t  t h e r e  are  two q u i t e  d i f f e r e n t  r in g  
conform ers  for t h e  t r a n s  isomer ( a x ,a x  and e q , e q )  t h a t  
d i f f e r  in  energy  by o n ly  about 1 . 5  k c a l /m o l .  The c o r r e s ­
ponding c i s  isomer shows a somewhat g r e a t e r  p r e f e r e n c e  
( 2 . 3  k c a l /m o l )  for one conformer over t h e  n e x t  most 
s t a b l e  o n e .  In t h e  c y c lo h e x e n e  s e r i e s  t h e  energ y  d i f f e ­
r e n c e s  a r e  even l e s s .  Hence, both  t h e  c y c l o p e n t e n e  and
c y c l o h e x e n e  pheromone a n a l o g s  must be  c o n s i d e r e d  t o  
r e p r e s e n t  con f o r m a t i o n a l1y m o b i le  s y s t e m s ,  a l b e i t  much 
more c o n f o r m a t i o n a l l y  r e s t r i c t e d  than t h e  o p e n -c h a in  
pheromone i t s e l f .





U n le s s  o t h e r w i s e  s t a t e d ,  a l l  l i t h i u m  and organocop— 
par r e a g e n t s  were prepared i n  t h r e e —necked round—bottomed  
f l a s k s .  The g l a s s w a r e  was oven d r i e d ,  assem bled  h o t ,  and 
f l u s h e d  w i th  n i t r o g e n  p r io r  t o  c o n d u c t in g  t h e  r e a c t i o n  
under a n i t r o g e n  a tm osphere .  T etrah ydrofu ran  CTHF) was 
d r ie d  by d i s t i l l i n g  from Na/Benzophenone. Hexamethylpho­
sphor amide (HMPA), DMF, EtaN were d r i e d  by d i s t i l l i n g  
from c a lc iu m  h y d r id e .  Chloroform, s u l f o l a n e  were d r i e d  by 
sh a k in g  w ith  Linde 4A m olecu la r  s i e v e s .  Commercial  
anhydrous e th e r  was used a s  s u p p l i e d .
In g e n e r a l  i n f r a r e d  s p e c t r a  were reco rd ed  on e i t h e r  
a P erk in  Elmer IR—137 or IR-621 g r a t i n g  sp e c tr o m e te r  a s  
neat  l i q u i d  f i l m s .  Proton n u c le a r  magnetic  r e s o n a n c e  (*H 
NMR) s p e c t r a  were record ed  on a Bruker AC-100 FT. s p e c ­
trom eter  ( u n l e s s  o t h e r w i s e  s t a t e d )  w ith  an u n r e g u la t e d  
probe tem p eratura  o f  about 297“K. The s p e c t r a  were r e ­
corded in  CDCls s o l u t i o n  and chem ica l  s h i f t s  a re  r e p o r t e d  
in  part  per m i l l i o n  ( ) d o w n f ie ld  from TMS i n t e r n a l
s ta n d a r d .  13C NMR, DEPT, 2D NMR s p e c t r a  were o b t a in e d  on 
e i t h e r  Bruker WP—200 FT or AM—400 FT s p e c t r o m e t e r s .
Mass s p e c t r a  were o b ta in e d  on a H ew le t t  Packard 59B5 
GC/MS, o p e r a t i n g  at  70 eV u s i n g  a 30 mm x 0 . 2 5  mm ID x 0 . 2  
f i l m  0 V - 1 - B . P . ,  fused  s i l i c a  c a p i l l a r y  column and a r e
r e p o r t e d  a s  m/e ( r e l a t i v e  abundance)  ( u n l e s s  o t h e r w i s e  
s t a t e d ) .  The p r e c i s e  mass measurements were o b t a in e d  from 
t h e  Midwest Center for  Mass S p ec tro m etry  a t  t h e  U n i v e r s i t y  
o f  N e b r a sk a -L in c o ln .  E lem enta l  a n a l y s e s  were performed by 
G a lb r a i th  L a b o r a t o r i e s ,  I n c . ,  K n o x v i l l e ,  T en n esse  and 
Micanal L a b o r a t o r i e s ,  Tuscon, A r izo n a .
B o i l i n g  p o i n t s  were o b t a in e d  a t  a tm osp her ic  p r e s s u r e ,  
u n l e s s  o t h e r w i s e  s t a t e d ,  and a r e  u n c o r r e c t e d .  A l l  tem pera­
t u r e  a r e  r e p o r t e d  in  d e g r e e  c e n t i g r a d e .
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1 . P r e p a r a t io n  o f  e y e 1opentan one  e t h y l e n e  k a ta l  C313:
A 3 L round-bottom ed f l a s k  was charged w ith  c y c l o p e n — 
tan o n e  ( 4 2 4 . 4  mL, 4 . 8  mol) , 1 r 2- e t h a n e d i o l  (328  g ,  5 . 2 8
mol) ,  1 L o f  r e a g e n t  grade  benzene  and 200 mg o f
p - t o l u e n e s u l f o n i c  a c id  monohydrate.  The f l a s k  was a t t a c h e d  
t o  a water  s e p a r a t o r  under a r e f l u x  condenser  f i t t e d  w ith  
a d r y in g  t u b e .  The r e a c t i o n  m ix ture  was c o n t i n u o u s l y  r e ­
f lu x e d  for one week (95 mL o f  water was c o l l e c t e d  in  t h e  
t r a p ) .  I t  was c o o le d  t o  room tem p e r a tu r e ,  e x t r a c t e d  s u c ­
c e s s i v e l y  w i th  800 mL o f  10% NaOH s o l u t i o n  and 5 x 400 mL 
p o r t i o n s  o f  w a te r ,  d r i e d  over anhydrous KaCOa, and d i s ­
t i l l e d  through a 20  cm Vigreux column under reduced  
p r e s s u r e .  1 , 2 - d io x a s p ir o C 4 .4 3 n o n a n e  C313 was o b t a in e d  a s  
a c o l o r l e s s  l i q u i d  w ith  a p l e a s a n t  odor ,  bp 7 0 -7 2 ° C /1 7  mm,
(1 i t 1 bp 150—155°C) , y i e l d  464 g (767.) .
*H NMR (CDCla, TMS)s 1 .6 0  ( s ,  4 H, -O-CH^-CHa-O)
3 . 7 2  ( s ,  8 H, -CHa-CHai-CHz-CHst—); MS, m/e ( r e l  i n t e n s i t y ) :  
12B(M~, 1 2 ) ,  1 0 0 ( 1 4 ) ,  9 9 ( 1 0 0 ) ,  9 7 ( 7 ) ,  5 3 ( 3 ) .
2 .  P r e p a r a t io n  o f  2—Br omoc y c 1opent  an one e t h y l e n e  
k e t a l  C323:
F o l lo w in g  t h e  g e n e r a l  procedure  o f  G arbish-90 a s o l u ­
t i o n  o f  f r e s h l y  d i s t i l l e d  C31] ( 1 0 . 3  g ,  0 . 8  mmol) in  1 L 
o f  f r e s h l y  d i s t i l l e d  e t h y l e n e  g l y c o l  was prepared in  a
2 L t h r e e - n e c k e d  round-bottomed f l a s k  equipped w ith  a
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dropping f u n n e l , a condenser  t o  which a d r y in g  t u b e  was 
c o n n e c te d ,  a mechanical  s t i r r e r ,  and a thermometer .  To 
t h e  s t i r r e d  s o l u t i o n  a t  room tem p er a tu r e  was added a 
sm al l  p o r t i o n  o f  Br2 . A f te r  2 min, uptake  o f  t h e  Br2 was 
not  c o m p le te ,  and t h e  s o l u t i o n  was warmed up by a ho t  t a p -  
water bath u n t i l  t h e  r e a c t i o n  was i n i t i a t e d  (Br2 was con­
sumed v ery  f a s t ,  and t h e  r e a c t i o n  tem p era tu re  went up t o
O O30 C from 24 C ) . The remainder o f  t h e  Br2 ( 4 1 . 2  mL, 0 . 8 0  
mol) was added a t  15-20°C a t  such a r a t e  s o  a s  t o  m a in ta in  
a f a i n t  c o l o r a t i o n  ( s l i g h t  y e l l o w )  o f  Br2 a t  a l l  t i m e s  
(an i c e  c o l d  water bath was used t o  c o n t r o l  t h e  r e a c t i o n  
t e m p e r a t u r e ) .  At t h e  end o f  t h e  a d d i t i o n  t h e  Br2 c o l o r  
d id  not p e r s i s t  for  more than 2  min a t  10°C, and a d d i ­
t i o n a l  Br2 (2 mL) was added t o  r e a l i z e  t h i s  c o n d i t i o n .  
The c o o l  r e a c t i o n  m ix tu r e ,  which turned  c o l o r l e s s  a f t e r  
3 min, was s l o w l y  poured i n t o  a s t i r r e d  m ixture  o f  200  g 
o f  anhydrous Na2C02 and 800 mL o f  p e n ta n e ,  and C02 g a s  
was e v o lv e d .  A f te r  c o n t i n u in g  t o  s t i r  for  10 more min,
1 L o f  water was added, t h e  combined pentan e  e x t r a c t s  o f
2 e x t r a c t i o n s  was d r i e d  w ith  anhydrous Na2SCU. The s o l ­
ven t  was ev a p o r a te d  under reduced p r e s s u r e  ( r o ta v a p o r )  
t o  g i v e  a c o l o r l e s s  l i q u i d  C323 b o i l i n g  a t  9 6 - 9 8 ° C / 15 mm, 
( l i t *3 bp 95—100°C / 15 mm), y i e l d  1 5 3 .5  g (93%).
l H NMR (CDCls, TMS):
1 . 5 0 -  2 . 5 0  (m, 6 H, -CH2-CH2-CH2- ) , 4 . 1 5  (m, 5 H,
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-O-CHa-CHa-O-C-CH-Br) .  MS, m/e ( r e l  i n t e n s i t y ) !
20B(M~, 4 ) ,  2 0 6 ( 4 )  , 1 7 9 ( 7 ) ,  1 7 7 < 7 )f 1 0 0 ( 1 4 ) ,  9 9 ( 1 0 0 ) ,
5 5 ( 1 0 ) .
3 .  Dehydrobromination o f  2-Brom ocyclopentanona e t h y l e n e
k e t a l :
K0H ( 1 2 0 . 4  g ,  2 . 1 5  mol) was d i s s o l v e d  i n  240 mL o f  
d i e t h y l e n e  g l y c o l  ( p r e v i o u s l y  d r i e d  over 4 A m olecu lar  
s i e v e s )  by s t i r r i n g  and h e a t i n g  for  45 min. The v e r y  dark 
brown s o l u t i o n  was c o o le d  t o  room tem p erature  by means o f  
an i c e  water b a th .  C323 ( 1 5 3 . 5  g ,  0 .7 4 2  mol) was added 
dropw ise  t o  t h e  c o o l e d ,  dark brown a l k a l i n e  s o l u t i o n  over
40 min. Then a p inch  o f  NhUCl was added, and t h e  m ix ture
was h e a ted  t o  r e f l u x  under N3 for  2 h. At t h e  b e g i n i n g  o f  
t h e  r e f l u x  t h e r e  was a very  v i s c o u s  brown l i q u i d  c o n t a i n ­
in g  s o l i d  KBr. More and more KBr s e p a r a t e d  l a t e r .  At t h e  
end o f  t h e  r e f l u x  a dark brown s u s p e n s io n  was o b t a i n e d .  
The r e a c t i o n  m ix tu re  was c o o le d  t o  room tem p era tu re  under 
N2 w i th  s t i r r i n g  for  9 h. On d i s t i l l a t i o n ,  t h e  p o r t i o n  com. 
ing  over up t o  110°C/12 mm was c o l l e c t e d .  I t  c o n ta in e d  2 
l a y e r s  o f  c o l o r l e s s  l i q u i d .  The bottom l a y e r ,  which was 
d i e t h y l e n e  g l y c o l  (d = 1 . 1 1 8 ) ,  was d i s c a r d e d .  The top  
la y e r  ( e y e 1opentenon e  e t h y l e n e  k e t a l  C33), d = 1 .0 6 7 )  was 
d r ie d  over K2C03 and r e d i s t i l l e d  t o  g i v e  pure C333, bp 
61-62°C a t  11 mm ( l i t 7"3 bp 55 C / l l  mm), y i e l d  7 4 . 2  g
(79 .4 7 . ) .  4H NMR (CDC13 , TMS) s 2 . 0 0 - 2 . 6 0  (m, 4 H,
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-C-CHa-CHa-O) , 4 . 0 0  ( s ,  4 Hf -0-CHa-CHa-0-) ,
S . 5 0 - 5 . 8 0  (m, 1 H, -C-OCH-CO), 6 . 0 0 -  6 . 2 0  Cm, 1 H, 
-C-CH-C-CO). MB, m/e ( r e l  i n t e n s i t y ) !  126(M~, 1 0 0 ) ,  
125C18),  9 9 ( 4 2 ) ,  9 6 ( 1 8 ) ,  8 3 ( 1 0 ) ,  8 2 ( 3 9 ) ,  8 1 ( 2 6 ) ,  67C15),
6 6 ( 1 8 ) ,  6 5 ( 9 ) ,  5 5 ( 1 3 ) ,  5 4 ( 1 6 ) ,  5 3 ( 1 2 ) .
4 .  H y d r o l y s i s  o f  e y e 1open ten o n e  e t h y l e n e  k e t a l :
F o l lo w in g  t h e  p ro ced ure  o f  Wanzlick 7<? w ith  some
m o d i f i c a t i o n ,  t o  7 4 . 2  g ( 0 . 5 8 9  mol) o f  C333 in  a 200 mL
one necked round—bottomed f l a s k  was added w ith  s w i r l i n g  
12 mL o f  a 10% aqueous o x a l i c  a c id  s o l u t i o n  in  one p o r t ­
i o n .  The r e a c t i o n  m ixture  was then  c o o le d  w ith  an i c e -
c o ld  water bath  for s e v e r a l  m in u te s .  The s l i g h t l y  y e l l o w  
r e a c t i o n  m ix tu re  became homogeneous a s  hea t  e v o lv e d  on 
m ix in g .  A f te r  s t i r r i n g  for 3 h a t  room tem p er a tu r e ,  t h e  
y e l l o w  c o l o r  o f  t h e  s o l u t i o n  faded g r a d u a l l y ,  and t h e  un­
p l e a s a n t  sm e l l  o f  s t a r t i n g  m a t e r ia l  was gone .  A p in ch  o f  
NaHCQa (CaCOa was used in  M a n z l ick ’ s  method, however i t  
i s  not  a s  e f f e c t i v e  a s  NaHCOa) was added t o  n e u t r a l i z e  
t h e  s o l u t i o n ,  and t h e  product  was d i s t i l l e d  from t h e  g l y ­
c o l  under vacuum t o  g i v e  2 - c y c l o p e n t e n o n e  C343 a s  a 
c o l o r l e s s  l i q u i d ,  bp 6 9 -7 0 ° C /1 9  mm, ( l i t 1,93 bp 
6 4 - 6 5 ° C / 19 mm), y i e l d  3 6 .1  g (76%).
*H NMR CCDCla, TMS): 2.20 (m, 2 H, -CHa-C0-), 2.69 
(m, 2 H, -CHa-OC-CO-), 6.09 (m, 1 H, OCH-C0-), 7.72 Cm,
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1 H, -CH-C-CO-). IR ( n e a t ,  cm -1):  3040 (-HC=CH-), 1700
<C -0)f 1590 ( O C ) ;  MS, m/e ( r e l  i n t e n s i t y ) :  82(M~, 1 0 0 ) ,  
S l ( 1 9 > ,  5 4 ( 1 9 ) ,  5 3 ( 1 5 ) ,  3 9 ( 1 3 ) .
5 .  P r e p a r a t io n  o f  3 - e t h y l - l - t r i m e t h y l s i l o x y c y c l o p e n t o n e  
C3B3 :
A 100 mL t h r e e - n e c k e d  round—bottomed f l a s k  equipped  
w ith  an Ar i n l e t  sy s tem  and a 25 mL p r e s s u r e  e q u a l i z i n g  
a d d i t i o n  funnel  was charged w ith  0 . 7 9  g (139 mmol) o f  Li 
w ir e  c o n t a i n i n g  0.8% Na in  40 mL o f  anhydrous e t h e r .  EtBr
( 4 . 3 6  g ,  40 mmol) in  12 mL o f  anhydrous e th e r  was added
oover 30 min w i th  m agnet ic  s t i r r i n g  a t  - 5  C. When t h e  ad­
d i t i o n  o f  t h e  EtBr s o l u t i o n  was com pleted  t h e  c lo u d y ,
gray s l u r r y  w ith  some s h i n y  metal  p i e c e s  was s t i r r e d  for
o oan a d d i t i o n a l  6 h a t  - 5  C t o  —10 C w ith  c .oo l ing  by means 
o f  a NaCl i c e  b a th .  At t h e  end o f  t h e  s t i r r i n g  most o f  
t h e  Li w ir e  was used up ( 0 . 0 9  g o f  Li was l e f t  o v e r ) .  The 
r e a c t i o n  m ix tu r e  was f i l t e r e d  through a g l a s s  wool p lu g  
in  an i n l e t  adapter  which was a t t a c h e d  t o  a 50 mL drop­
p in g  f u n n e l .  T h is  c lo u d y ,  g rey  s o l u t i o n  c o n t a i n i n g  EtLi
Oin  e th e r  was then  added dropw ise  over 20 min a t  - 3 5  C t o  
a s l u r r y  o f  3 . 8  g (20 mmol) o f  p u r i f i e d  Cul ( w h i t e  powder)  
in  20 mL o f  f r e s h l y  d i s t i l l e d  THF, which was s t o r e d  in  
a 250 mL t h r e e - n e c k e d  round-bottomed f l a s k  f i t t e d  w ith  an 
Ar i n l e t  s y s te m .  The c o l o r  o f  t h e  m ix ture  changed from
1 7 0
o
y e l l o w  t o  dark brown. A f te r  s t i r r i n g  a t  - 3 5  C for  15 min 
t h e  s o l u t i o n  o f  L343 ( 1 . 6 4 g ,  20 mmol) in  4 mL o f  f r e s h l y  
d i s t i l l e d  THF was added d r o p w ise  over 2 min t o  t h e  dark 
brown r e a c t i o n  m ixture  t o  g i v e  a dark p u rp le  s l u r r y .  
F o l lo w in g  a 10 min p e r io d  a t  - 4 0 * 0 ,  5 mL o f  MeaSiCl  was
added s l o w l y  t o  t h e . r e a c t i o n  m ix tu r e ,  which turned dark 
green  and then  b l a c k .  On warming t o  room tem p era tu re ,  t h e  
r e a c t i o n  m ix tu r e ,  hav ing  a b la c k  bottom la y e r  and a c l e a r  
top  l a y e r ,  was poured i n t o  a m ix ture  o f  200 mL o f  hexane ,  
3 mL o f  EtaN and i c e  w a te r .  The hexane s o l u t i o n  was s e ­
p a r a te d ,  washed w ith  s a t u r a t e d  NaHC03 , d r i e d  over  anhy­
drous  NaaSO* and c o n c e n tr a t e d  in  vacuo ( r o t a v a p o r ) .  Short
path d i s t i l l a t i o n  gave  a m ix tu r e  o f  2 i s o m e r s ,  C383 and
oC38A1 ( r a t i o  9 0 : 1 0  based on GC a r e a s ) ,  bp 83 C/9 mm, 
y i e l d  2 . 4 0  g (£5%). LH-NMR for t h e  m ix tu re ,  which i s  
presumably t h e  spectrum o f  C383 (200 MHz, CDCI3, TMS):
0 . 2 0  ( s ,  9 H, S i -M ea);  0 . 8 5  ( t ,  J = 7 . 3  Hz, 3 H, -CHa),  
1 . 2 5 - 1 . 5 0  (m, 2 H, -CHa-CHa), 1 .9 5  -  2 . 5 0  (m, 5  H,
-CHa-CHa—CH—) ,  4 . 5 8  -  4 . 7 0  (m, 1 H, -C=CH-); MS, m/e 
( r e l  i n t e n s i t y ) :  major isomer C3S3 ( r e t  t im e  1 0 . 5 ) :  
184(MH-, 1 2 ) ,  1 6 9 ( 1 0 ) ,  1 5 5 ( 7 5 ) ,  7 5 ( 4 1 ) ,  7 3 ( 1 0 0 ) ;  minor 
isomer C38A3 ( r e t  t im e ,  1 0 . 7 ) :  1B4(M~, 6) ,  1 6 9 ( 5 ) ,  
1 5 5 ( 1 0 0 ) ,  7 5 ( 1 7 ) ,  7 3 ( 8 4 ) .
T h is  m ix tu r e  w ith o u t  f u r th e r  p u r i f i c a t i o n  was used  
in  proced ure  7 be low.  M i c r o a n a ly s i s  o f  t h e  m ixture  was
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not a t tem p ted  b e c a u se  major cha nges  in  t h e  NMR spectrum  
were apparent  a f t e r  s t o r a g e  a t  room tem p era tu re  o v e r n i g h t .
6. P r e p a r a t io n  o f  5 -brom openty l  a c e t a t e  C4Q3g
F o l lo w in g  t h e  proced u re  o f  Borowitz  w ith  some
m o d i f i c a t i o n ,  t o  a m ix ture  o f  t e tr a h y d ro p y ra n  (334 g ,  4 . 0  
mol) and ZnCla <100 .8  mg) a t  0 C was added a c e t y l  bromide  
( 3 1 9 . 6  g ,  2 . 6 0  mol) dropw ise  over  3 . 5  h w ith  s t i r r i n g  a t  
such a r a t e  s o  a s  t o  m a in ta in  t h e  r e a c t i o n  t em p er a tu r e .  
The y e l l o w  s o l u t i o n  was s t i r r e d  a t  0°C for 30 min, a l l o w ­
ed t o  warm t o  room tem p er a tu r e  over 1 h and 10 min, and 
then  h e a ted  a t  r e f l u x  for 5 h or u n t i l  t h e  r e a c t i o n  tempe-
Or a t u r e  was a t  120-130  C. A f te r  t h e  dark brown, hot  s o l u ­
t i o n  c o o l e d ,  CHCla ( 1 . 6  L) was added, and t h e  r e a c t i o n  
m ixture  was washed w ith  532 mL o f  w ater ,  3 x 280 mL p o r t ­
i o n s  o f  s a t u r a t e d  NaHCOs s o l u t i o n ,  and 3 x 540 mL p o r t ­
i o n s  o f  w a te r .  The e x t r a c t  was d r i e d  over anhydrous MgS04 
and c o n c e n t r a t e d  on a r o t a r y  e v a p o r a to r .  The cru de  pro­
duct  was s im p ly  d i s t i l l e d  at  reduced p r e s s u r e  t o  g i v e  a 
c o l o r l e s s  o i l y  product  C401, bp 9 5 - 9 6 °C/3 mm ( l i t 1**6, 
9 0 - 9 1 . 5 ° C / 2 . 5 mm), y i e l d  4 9 4 . 5  g (91*/.).
‘ H NMR (CDC13, TMS):
1 . 4 0 - 1 . 9 0  <m, 6 H, -CHa-CHa-CHa-), 2 . 0 5  <s, 3 H,
-OC-CHa), 3 . 4 2  <t ,  J = 6 . 1  Hz, 2 H, -CHa-Br) ,
4 . 0 3  ( t ,  J = 6 . 0  Hz, 2 H, -C H a-0 ) ,
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IR ( n e a t ,  cm-1 >3 1735 (C=0) . liS, m/e ( r e l  i n t e n s i t y ) :
150 (M"*"-Ac OH, 2 2 ) ,  1 4 8 ( 2 2 ) ,  6 9 ( 9 4 ) ,  6 1 ( 3 6 ) ,  4 3 ( 1 0 0 ) .
7 .  P r e p a r a t io n  o f  3 - e t h y l - 2 - ( 5 - a c e t o x y p e n t y l )
e y e 1opentanone  C373:
A s o l u t i o n  o f  t h e  m ix ture  o f  s i l y l  enol  e t h e r s  C383 and
C38A3 ( 0 . 9 2  g ,  5 . 0  mmol) in  10 mL o f  anhydrous THF was add-
oed dropw ise  a t  - 3 5  C t o  a m ilky  gray  s u s p e n s io n  o f  l i t h i u m
amide [prepared  from 73 mg o f  Li w ir e ,  80 mL o f  ammonia,
30 mL o f  anhydrous THF and a t r a c e  o f  f e r r i c  n i t r a t e  at  
a
- 4 0  t o  - 3 5  0 3 .  The c l e a r ,  brown b la c k  r e a c t i o n  m ixture  was 
m e c h a n ic a l ly  s t i r r e d  under Na a tm osphere .  A fte r  s t i r r i n g  
for  15 min a t  -30°C ,  a s o l u t i o n  o f  E403 ( 4 . 2  g ,  2 0 . 0  mmol) 
in  5 mL o f  dry THF was added over a 30 s e c  i n t e r v a l .  The 
c o ld  bath was removed. The r e a c t i o n  m ixture  was s t i r r e d  at  
ambient tem p era tu re  for 1 . 5  h and quenched w ith  562 mg o f  
NH*C1. The ammonia was ev a p o r a te d  under a stream o f  Na. 
The r e s u l t i n g  r e s i d u e  was d i l u t e d  with  125 mL o f  THF, s t i r ,  
red a t  room tem p erature  for 2 h and 50 min, and poured i n ­
t o  a s o l u t i o n  o f  200 mL o f  i c e  water and 40 mL o f  a c e t i c  
a c i d .  T h is  s o l u t i o n  was e x t r a c t e d  w ith  3 x 200 mL p o r t i o n s  
o f  e t h e r .  The combined e t h e r e a l  la y e r  was washed with  s a t u ­
r a te d  NaCl s o l u t i o n ,  d r ie d  over  anhydrous NaSO^ and concen .  
t r a t e d  in  vacuo.  Toluene  (100 mL) was added and t h e  mix­
t u r e  ev a p o r a te d  aga in  t o  remove a c e t i c  a c i d .  The r e s i d u e
was chromatographed on 200 g o f  s i l i c a  g e l , e l u t i n g  w ith  a 
g r a d i e n t  o f  2—10% e t h y l  a c e t a t e - h e x a n e  ( v / v ) .  The s o l v e n t  
was removed t o  g i v e  a m ix ture  o f  i so m e r s  ( c i  s / t r a n s  = 5 6 /4 4  
by GO o f  C373 a s  a c o l o r l e s s  o i l y  p r o d u ct ,  y i e l d  0 . 5  g 
(41%). (See  t h e  r e s u l t s  and d i s c u s s i o n  s e c t i o n  for a d i s ­
c u s s i o n  o f  s t e r e o c h e m i c a l  a s s i g n m e n t s . )
1H NMR (CDC13, TMS)s 0 . 9 6
( t ,  J -  7 . 0  Hz, 3 H, -CHa-CHa), 1 . 1 4 - 1 . 9 1  (m, 10 H), 
2 . 0 6 - 2 . 7 0  (m, 6 H, -CHa-CH=*-C0-CH-CH->,
2 . 0 5  ( s ,  3 H, OC-Me), 4 . 0 5  ( t ,  J = 7 . 0  Hz, 2 H, -CH2- 0 - ) ;
IR ( n e a t ,  cm- 1 ) :  3460 (C=0 o v e r t o n e ) ,  1745 (C=0),
1735 (0C0) ,  1160 (C-CQ-C), 1 28 0 ( C - 0 ) .
MS, m/e ( r e l  i n t e n s i t y ) :  t r a n s  isomer ( r e t  t im e  1 1 .5  min):  
240(M-, 0 . 1 ) ,  1 1 2 ( 2 1 ) ,  8 3 ( 1 0 0 ) ,  6 9 ( 9 ) ,  6 7 ( 6 ) ,  5 5 ( 1 2 ) ,  
4 3 ( 1 5 ) ,  4 1 ( 7 ) ;  c i s  isomer ( r e t  t im e  1 1 .8  min: 240(M-, 3 ) ,  
1 2 5 ( 1 3 ) ,  1 1 3 (B ) ,  1 1 2 ( 9 9 ) ,  9 7 ( 1 4 ) ,  9 5 ( 9 ) ,  8 4 ( 7 ) ,  8 3 ( 1 0 0 ) ,  
8 1 ( 1 1 ) ,  7 9 ( 6 ) ,  7 0 ( 9 ) ,  6 9 ( 1 8 ) ,  6 7 ( 1 3 ) ,  5 5 ( 2 4 ) ,  4 3 ( 3 2 ) ,  
4 1 ( 1 2 ) .
Anal.  O alcd.  for  C i : C, 6 9 . 9 6 ;  H, 10 .0 6 ;
Found: C, 6 9 .7 9 ;  H, 1 0 .2 5 .
8 .  An attem pt t o  prepare  C373 from 2 - c y c 1opentenon e  
v i a  3 - e t h y l c v c 1opentanone:
A. P r e p a r a t io n  o f  3 - e t h y l  e y e 1opentanone C363:
Ethyl  bromide ( 8 . 6 8  g ,  80 mmol) in  80 mL o f  anhydrous
1714-
e th e r  was addad dropw isa  a t  - I S  t o  -22°C  t o  Li w ir e  c o n t a i n  
in g  0.8% Na Cl.SB g ,  2 2 . 7  mmol) in  24 mL o f  anhydrous e th e r  
under Ar w ith  mechanical  s t i r r i n g .  The r e a c t i o n  tem p era tu re  
was h e ld  a t  - 2 0 ° C for 2 h. T h is  c o l d  gray s o l u t i o n  was 
then  added t o  a s l u r r y  o f  Cul ( 7 . 6  g ,  40  mmol) in  40 mL o f
OTHF at  - 3 5  C. The c o lo r  o f  t h e  m ix tu r e  changed from y e l l o w  
t o  dark brown, and f i n a l l y  t o  dark p u r p le .  A f t e r  s t i r r i n g  
at  -3 5 °  C for  15 min a s o l u t i o n  o f  C34D ( 3 . 2 7  g ,  40 mmol) in
8 mL o f  anhydrous e th e r  was added d rop w ise  t o  g i v e  a dark
oye l low -brow n s l u r r y .  F o l lo w in g  a 10 min p e r io d  a t  - 4 0  C 
25 mL o f  MeaSiCl was addad d r o p w ise  t o  t h e  m ix tu r e ,  which 
turned  dark grean  than dark p u r p l e ,  and f i n a l l y  b l a c k .  The
O o
r e a c t i o n  m ix tu r e  was warmed t o  10 Cf c o o le d  t o  -20 C for  
2 h and t h e  c o o l i n g  bath  was removed. On warming t o  room 
t em p aratu re  t h e  r e a c t i o n  m ix tu r e  was poured i n t o  a m ix ture  
o f  400 mL o f  hexane ,  6 mL o f  EtaN and i c e  w ater .  The 
hexane s o l u t i o n  was s e p a r a t e d ,  washed w ith  s a t u r a t e d  
NaHCOa s o l u t i o n ,  d r ia d  over NaaSQ* and c o n c e n t r a t e d  in  
v acuo .  Short  path  d i s t i l l a t i o n  a t  100-102°C/60 mm y i e l d e d
1.92 g (42.9%) o f  C361 a s  a c o l o r l e s s  l i q u i d  ( l i t  bp
150°C/760 mm). lH NMR 200 MHz (CDCla, TMS): 0.95
Ct, J = 7.0 Hz, 3 H, -CHa-CHa), 1.50 (q ,  J =» 7.0 Hz,
2 H, -CHa-CHa), 1.72-1.86 (m, 2 H, OC-CHa-CHa-CH-), 
2.00-2.30 (m, 1 H, -C-CH-Et), 2.36 (d, J - 7.5 Hz, 2 H,
□C—CHa-CHa— ) ,  2 . 4 4  (d ,  J - 4 . 1  Hz,  2 H ,  0C-CHa-CH-),
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IR ( n e a t ,  cm-1):  1745| MS, m/e ( r e l  i n t e n s i t y ) :  1 1 2 ^ - ,
5 1 ) ,  8 4 ( 1 2 ) ,  8 3 ( 1 0 0 ) ,  7 9 ( 4 ) ,  7 0 ( 1 3 ) ,  6 9 ( 8 ) ,  5 6 ( 1 8 ) ,  5 5 ( 2 7 ) .
B. An attem pt t o  prepare  C37] from C363:
A s o l u t i o n  o f  C363 ( 1 . 4 4  g ,  1 2 .8  mmol), p y r r o l i d i n e  
( 4 . 1 3  g ,  2 7 . 9  mmol) and 13 mg o f  g - t o l u e n e s u l f o n i c  a c id  in  
3 . 8 5  mL o f  t o l u e n e  was p la c e d  in  a 25 mL one-neck ed  f l a s k  
t o  which a Dean Stark water s e p a r a to r  was a t t a c h e d .  The s o ­
l u t i o n  was r e f l u x e d  under a Na atmosphere  for 24 h. The 
e x c e s s  p y r r o l i d i n e  and t o l u e n e  were removed from t h e  r e a c t ­
io n  m ix tu re  on a r o t a r y  e v a p o r a to r .  The r e s i d u e  was 
t r e a t e d  w ith  C401 ( 1 . 1 7  g ,  5 . 6  mmol) in  t o l u e n e  ( 2 . 8  mL) 
and h e a ted  at  r e f l u x  under N2 for 19 h. D i s t i l l e d  water  
( 0 . 0 8  mL) was added and r e f l u x i n g  was c o n t in u e d  for 30 min.  
The r e a c t i o n  m ixture  was c o o l e d ,  10% H2SCU ( 0 . 0 8  mL) was 
added, and t h e  m ix ture  was e x t r a c t e d  with  e th e r  s e v e r a l  
t i m e s .  The combined e x t r a c t s  were washed w ith  w a ter ,  d r i e d  
s o l v e n t  was removed t o  g i v e  a crude  product which d id  not  
c o n t a in  C371 (by comparing MS o f  t h e  a u t h e n t i c  sample  
C373). C361 was r e c o v e r e d  a s  shown by *H NMR and MS ana­
l y s i s .
9 . P r e p a r a t io n  o f  5 - i o d o p e n t y l  a c e t a t e  C40A3 v i a  
F i n k e l s t e i n  r e a c t i o n :
A m ixture  o f  anhydrous Nal ( 3 7 . 5  g ,  0 . 2 5  mol) and
1 7 6
265 mL o f  anhydrous a c e t o n e  was h e a ted  on a steam bath for  
1 h w ith  o c c a s i o n a l  sh a k in g  in  a 500 mL round-bottomed  
f l a s k  f i t t e d  w ith  a r e f l u x  c o n d e n s e r .  To t h e  c o o le d  c o l o r ­
l e s s  s o l u t i o n  was added C403 ( 4 0 . 8  g ,  0 . 1 9  mol) in  one por ­
t i o n .  The y e l l o w  s o l u t i o n  w ith  some w h i t e  p r e c i p i t a t e  was
O Oh e a ted  t o  58 C t o  60 C for 22 h w i th  s t i r r i n g .  The m ix ture  
was c o o le d  t o  room tem p erature  and f i l t e r e d  w ith  s u c t i o n .  
The in o r g a n ic  s a l t s  were washed w ith  50 mL o f  a c e t o n e ,  and 
t h e  f i l t r a t e  was c o n c e n tr a t e d  on a r o t a r y  e v a p o r a to r .  The 
r e s i d u e  was poured i n t o  220 mL o f  w a ter .  The lower la y e r  
was withdrawn and washed s u c c e s s i v e l y  w ith  44 mL o f  10% 
NaHSOa s o l u t i o n ,  44 mL o f  10% NaHCOa s o l u t i o n  and then 44
mL o f  w a ter .  I t  was d r ie d  w ith  anhydrous MgS04 and d i s ­
t i l l e d  under reduced p r e s s u r e  t o  y i e l d  2 7 . 2  g (55%) o f  
C40AD, bp 130—132° C/2 mm ( l i t .  bp 1 3 0 - 1 3 2 ° C /1 .9  mm).
*H NMR (CDCla, TMS): 1 . 3 0 - 1 . 9 0  (m, 6 H, -CH-.2-CH-_.-CH*-) ,
2 . 0 5  ( s ,  3 H, OC-CHa), 3 . 1 6  ( t ,  J = 6 . 0  Hz, - C H i - I ) ,
4 . 0 5  ( t ,  J = 6 . 0  Hz, 2 H, -Q -CH a-) .
IR ( n e a t ,  c « r l ):  1742, 1246, 1036, 590;  MS, m/e
( r e l  i n t e n s i t y ) :  256 (M-, 1 0 ) ,  1 9 6 ( 5 ) ,  1 5 5 ( 1 1 ) ,  1 4 1 ( 2 ) ,
1 2 9 ( 2 0 ) ,  1 2 7 ( 3 ) ,  8 7 ( 1 2 ) ,  6 9 ( 1 0 0 ) ,  4 3 ( 1 3 ) .
10. Attempt t o  prepare  C371 from C343 in  one p o t :
S e v e r a l  drops  o f  EtBr (50 mol) in  2 0 . 8  mL o f  anhydrous  
e th e r  were added dropw ise  at  room tem p era tu re  t o  Li w ire
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c o n t a i n i n g  O.BTi Na CO. 99 g f 1 4 2 .5  mmol) in  6 9 . 4  mL o f  an­
hydrous e th e r  under Ar t o  i n i t i a t e  t h e  r e a c t i o n  ( c lo u d y
s o l u t i o n ,  s h i n y  Li p i e c e s ) .  The rem ain ing  EtBr was add­
ed at  —10 t o  —5°C w ith  mechanical  s t i r r i n g .  The r e a c t i o n  
tem p erature  was h e ld  at  - 5  t o  - 1 0 °  C for 2 h. T h is  c o ld
Ogray EtLi s o l u t i o n  C—50 C) was then  added t o  a s l u r r y
o f  Cul <4 .9  g ,  25 mmol) in  3 4 . 7  mL o f  anhydrous e th e r
oa t  - 2 0  C. The c o l o r  o f  t h e  m ix ture  changed from y e l l o w
o
t o  dark p u r p le .  A fter  s t i r r i n g  a t  - 2 0  C for  15 min, t h e  
s o l u t i o n  o f  C343 ( 1 . 0 3  g ,  1 2 .5  mmol) in  1 2 .5  mL o f  an­
hydrous e th e r  was added dro p w ise  over 15 min t o  g i v e  a
dark green  or dark b l u e  m ix tu r e  which was m a in ta in ed  at  
o- 2 0  C w ith  s t i r r i n g  for  1 h .  A s o l u t i o n  o f  anhydrous THF 
<8.7  mL) and anhydrous HMPA <8 .7  mL) was added, fo l lo w e d  
by ra p id  a d d i t i o n  o f  e x c e s s  C40A3 <25.6  g ,  0 . 1  m o l ) .  
The brown—b la c k  m ix ture  was a l lo w ed  t o  warm t o  room tempe­
r a t u r e  and s t i r r e d  for 3 . 5  h. The b la c k  r e a c t i o n  m ix ture  
was poured i n t o  a 107. aqueous NH„QH s o l u t i o n ,  and t h e  o r ­
g a n ic  l a y e r  was s e p a r a t e d ,  washed s u c c e s s i v e l y  w ith  107. 
NhUOH, w a ter ,  and s a t u r a t e d  b r i n e ,  and d r i e d  over MgS0.». 
Evaporat ion  o f  s o l v e n t  a f f o r d e d  no d e s i r e d  product  C373. 
Only C363 was o b t a in e d ,  a s  shown by 'H NMR and MS a n a l y ­
s e s .
11. An attem pt t o  p repare  C371 from C383:
Method A; A 50 mL t h r e e —necked f l a s k  was equipped with
a Ns i n l e t  tu b e  w ith  a s t o p c o c k ,  a g l a s s  J o i n t  f i t t e d  
w ith  a rubber septum, a 10 mL p r e s s u r e - e q u a l i z i n g  dropping  
f u n n e l ,  a thermometer and a m agnet ic  s t i r r i n g  b ar .  A fter  
t h e  a p p a ra tu s  was d r i e d  in  an oven ,  a c a t a l y t i c  amount o f  
t r i p h e n y l  methane was added t o  t h e  f l a s k  and t h e  ap p a ra tu s  
was f lu s h e d  w ith  N2 . A s t a t i c  N* atmosphere  was m ain ta ined  
in  t h e  r e a c t i o n  v e s s e l  throughout  t h e  su bseq uent  o p e r a t i o n s  
i n v o l v i n g  o r g a n o m e t a l l i c  r e a g e n t .  An e t h e r e a l  s o l u t i o n  con­
t a i n i n g  1 . 5  M MeLi ( 1 4 . 0 6  mL, 2 1 .1  mmol) was added t o  t h e  
r e a c t i o n  v e s s e l  from a hypodermic s y r i n g e .  The e th e r  was 
removed by e v a c u a t in g  t h e  a p p a ra tu s  w h i l e  t h e  s o l u t i o n  was
Q
s t i r r e d  and t h e  f l a s k  was warmed w ith  a water bath (40 C ) . 
The r e a c t i o n  v e s s e l  was r e f i l l e d  w ith  N2 and then  2 1 . 1  mL o f  
1 , 2 -d im e th o x y e th a n e  was t r a n s f e r r e d  t o  t h e  f l a s k .  The r e ­
s u l t i n g  orange  s o l u t i o n  was c o o le d  t o  0 -10°C and t h e  s i l y l  
eno l  e th e r  C3B1 ( 1 . 8 4  g ,  10 mmol) was added dro p w ise  w ith  
s t i r r i n g .  To t h i s  c o l d ,  c lo u d y ,  l i g h t  pink r e a c t i o n  m ixture  
C403 ( 5 . 6  g ,  2 6 . 8  mmol) was added r a p i d l y .  The r e s u l t i n g  
y e l l o w  s o l u t i o n  was s t i r r e d  3 min and then  poured i n t o  
26 mL o f  c o l d ,  s a t u r a t e d  aqueous NaHCOs and e x t r a c t e d  w ith  
3 x 8  mL p o r t i o n s  o f  p e n ta n e .  The combined o r g a n ic  e x t r a c t s  
were d r i e d  over  anhydrous MgSO.* and then  c o n c e n t r a t e d  under 
reduced p r e s s u r e  w ith  a r o t a r y  e v a p o r a to r .  The r e s i d u e  d id  
not c o n t a i n  t h e  d e s i r e d  product  C371. C401 was r e c o v e r e d ,
and C363 was formed, a c c o r d in g  t o  NMR and MS a n a l y s i s .
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Method Bs
A m ixture  o f  s i l y l  e n o l  e th e r  C383 C l .84 g ,  10 mmol)
and 1 . 5  M MeLi in  e t h e r  C7.33 mL, 11 mmol) was s t i r r e d  at
25°C for 30 min and then  t h e  e th e r  was removed from t h e
s u s p e n s io n  o f  t h e  l i t h i u m  e n o l a t e .  The l i g h t  green  r e s i d u e
owas d i s s o l v e d  i n  6 .1  mL o f  1 , 2 -d im e th o x y e th a n e  a t  25 C and 
then  C403 ( 3 . 1 4  g ( 15 mmol) was added. The r e a c t i o n  m ixture  
was s t i r r e d  a t  room tem p era tu re  for 2 h and 15 min and 
then  p a r t i t i o n e d  between p en ta n e  and 12 mL o f  s a t u r a t e d  
aqueous NaHCOs. C o n c e n tr a t io n  o f  t h e  p entan e  e x t r a c t s  gave  
no d e s i r e d  product  [3 7 3 ,  a s  shown by comparison o f  1H NMR 
and MS s p e c t r a  w ith  t h o s e  o f  t h e  a u t h e n t i c  sam ple .  [363  
was o b t a i n e d ,  and [403 was r e c o v e r e d ,  a s  shown by l H NMR 
and MS a n a l y s i s .
12. P r e p a r a t io n  o f  2 - C 5 - a c e t o x y p e n t y l ) —2 -  
carbom etho x vcvc lop en tan o ne  [423 s 
5-Bromopentyl a c e t a t e  [403 ( 1 4 6 .3  g ,  0 . 7 0  mol) was added 
dropw ise  t o  a w e l l - s t i r r e d  s u s p e n s io n  o f  2 -carbom ethoxycy— 
c lo p e n ta n o n e  CIOO.O g ,  0 . 7 0  mol) and K^CD  ̂ ( 1 9 3 . 0  g ,  1 .3 9  
mol) in  2 L o f  anhydrous a c e t o n e .  The r e a c t i o n  m ix ture  was 
r e f l u x e d  for 28 h. A f te r  f i l t r a t i o n ,  t h e  s o l v e n t  was 
removed in  vacuum and t h e  r e s i d u e  was d i s t i l l e d  t o  g i v e  a 
c o l o r l e s s  o i l y  product  [423 at  2 2 2 -2 2 3 °C /4  mm < l i t , ">i' bp 
1 5 5 - 1 6 0 ° C / 0 .6 mm), y i e l d  1 2 7 .8  g (77 V.) .
*H NMR CCDCla, TMS):
1 . 2 4 - 1 . 7 5  (m, 8 H), 2 . 0 4  Cs, 3 H, GC-Me),
1tJ0
2 . 0 4 - 2 . 3 0  Cm, 4 H, -CH^-CHa- r i n g ) ,
2 . 3 7  ( t ,  J = 7 . 0  Hz, 2 H, -CHa-CCJ-),
3 .7 1  ( s ,  3 H, Q-CH=»),
4 . 0 4  ( t ,  J ■ 7 . 0  Hz, 2 H, -CH a-O -);
IR ( n e a t ,  c n r 1):  1748 (C=0), 1733(C=0>, 1030;
MS, m/e ( r e l  i n t e n s i t y ) !  270(M*, 4 ) ,  2 3 8 ( 1 3 ) ,
1 4 2 ( 5 2 ) ,  1 4 1 ( 1 8 ) ,  1 2 9 ( 1 1 ) ,  1 2 7 ( 1 0 ) ,  1 1 1 ( 3 2 ) ,
1 1 0 ( 1 0 0 ) ,  1 0 9 ( 1 1 ) ,  8 2 ( 1 0 ) ,  6 9 ( 6 7 ) ,  5 5 ( 1 7 ) ,  4 3 ( 3 7 ) ,
4 1 ( 1 5 ) .
13. P r e p a r a t io n  o f  2 - ( 5 - a c e t o x y p e n t y l ) c y c l o -
pentanone C433 s
F o l lo w in g  t h e  g e n e r a l  p r o ced u re  o f  B e r n a d y a  
c l e a r  m ix ture  o f  C42D ( 4 0 . 4  g ,  0 . 1 4  mol) in  4 7 . 3  mL o f  a c e ­
t i c  a c id  and 63 mL o f  25% HC1 was r e f l u x e d  for 23 h.  The 
l i g h t  y e l l o w  s o l u t i o n  was c o o le d  and e x t r a c t e d  w ith  
3 x 300 mL p o r t i o n s  o f  benzene .  The combined o r g a n ic  phase  
was washed w ith  water u n t i l  no t r a c e  o f  a c id  e x i s t e d  in  
t h e  aqueous ph a se ,  and w ith  s a t u r a t e d  NaCl s o l u t i o n .  The 
e x t r a c t  was d r i e d  over anhydrous Na^SO^ and c o n c e n t r a t e d  
on a r o t a r y  ev ap o r a to r  t o  g i v e  crude  C433 which was then  
d i s t i l l e d  a t  149—151°C/4 mm t o  y i e l d  2 2 . 3  g (75%) o f  pure  
product  ( l i t . * ^ fcc bp 1 1 5 -1 2 1 ° C / 0 . 6 mm).
l H NMR (CDCla, TMS): 1 . 6 7 - 2 . 0 0  (m, 12 H ) ,
2 . 0 5  ( s ,  3 H, QC-Me),
2 . 1 0 - 2 . 4 4  (m, 3 H, -CHa-C0-CH-),
4 .0 5  <t,  J = 7 . 0  Hz, 2 H,
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-CH a-O -) . IR ( n e a t , cm-1)* 17 45(C »0) ,  1248,
1158, 1035; MS, m/e ( r e l  i n t e n s i t y ) :  212(M'*', 2 ) ,
1 0 9 ( 7 ) ,  9 7 ( 1 2 ) ,  8 5 ( 7 ) ,  8 4 ( 1 0 0 ) ,  8 3 ( 1 9 ) ,  6 9 ( 2 0 ) ,
6 7 ( 1 2 ) ,  5 5 ( 1 6 ) ,  4 3 ( 3 3 ) ,  4 1 ( 1 4 ) .
13C NMR (CDC1a): 2 0 . 3 8 ,  2 2 . 1 2 ,  2 5 . 5 8 ,  2 6 . 7 8 ,  2 7 . 9 6 ,
2 8 . 1 3 ,  2 9 . 2 4 ,  3 7 . 6 5 ,  4 8 . 5 3 ,  6 3 . 9 6 ,  1 7 0 .4 8 ,  2 2 0 . 2 7 .
14. P r e p a r a t io n  o f  l - a c e t o x y - 2 - ( 5 - a c e t o x y p e n t y l ) 
c y c l o p e n t e n e  C44A3s
F o l lo w in g  t h e  g e n e r a l  pro ced u re  o f  Bernady197, a 
l i g h t  y e l l o w  s o l u t i o n  o f  C433 ( 1 5 . 9  g ,  75 mmol) and 174 mg 
o f  p - t o l u e n e s u l f o n i c  a c id  in  3 6 . 1  mL o f  a c e t i c  a n h ydr ide  
was r e f l u x e d ,  w h i l e  t h e  a c e t i c  a c i d  which formed was f r a c ­
t i o n a l l y  d i s t i l l e d  o f f  through a g l a s s  bead—packed column.  
A c e t i c  anhydr ide  was added p e r i o d i c a l l y  ( t o t a l  75  mL) t o  
m ainta in  t h e  o r i g i n a l  volume. A f te r  10 h a s  t h e  a c e t i c
a c id  c e a s e d  t o  d i s t i l l  o v e r ,  t h e  dark brown m ix tu re  was
oh e a te d  u n t i l  t h e  b o i l i n g  p o in t  (136  C) o f  a c e t i c  anhydride  
was r ea c h e d .  The m ixture  was c o o le d  and poured o n to  72 mL 
o f  s a t u r a t e d  NaHCOs s o l u t i o n  and 60 mL o f  hexane .  A d d i t io n ­
a l  s o l i d  NaHCOa was added c a u t i o u s l y  u n t i l  a s a t u r a t e d  s o ­
l u t i o n  was m ain ta ined  ( s o l i d  NaHCOa remained in  t h e  r e a c t ­
ion  m ix tu r e ,  and a s low  r e s p o n s e  o f  g a s  e v o l u t i o n  was 
o bserved  a s  NaHCOa was added) .  The m ix ture  was s t i r r e d  for  
30 min u n t i l  g a s  e v o l u t i o n  c e a s e d .  The o r g a n ic  phase  was 
washed w ith  w a te r ,  then  b r i n e ,  d r i e d  over anhydrous MgSO  ̂
and c o n c e n tr a t e d  on a r o t a r y  evap o ra to r  t o  g i v e  6 . 0 9  g o f  
a dark brown o i l  w i th  a p l e a s a n t  odor .  The o i l  was chroma­
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tographed  on 200 g o f  s i l i c a  g e l , e l a t i n g  w ith  27. e t h y l  
a c e t  a t  e -h e x a n e  ( v / v ) ,  t o  y i e l d  1 0 .2 4  g <58’/.) o f  a c o l o r ­
l e s s  o i l  C44AD ( l i t 1*7' bp 1 2 1 - 1 2 3 ° C /1 . 3  mm).
XH NMR (CDC13f TMS)s
1 . 3 1 - 2 . 0 0  Cm, 8 H, -CH^-CH^-CH^-CH^-),
2 . 0 5  ( s ,  3 H, OC-Me), 2 . 1 5  ( s ,  3 H, C=C-0-C0-Me),
2 . 1 5 - 2 . 6 9  <m, 6 H, r in g  H ) .
IR ( n e a t , cm“ l ) :  1750 (en o l  e s t e r  C=0),  1705 (C=C).
MS, m/e ( r e l  i n t e n s i t y ) :  254<M" ;̂ 0 . 1 ) ,  2 1 2 ( 2 2 ) ,
1 7 0 ( 1 9 ) ,  1 5 2 ( 3 8 ) ,  1 3 4 ( 7 ) ,  1 2 3 ( 1 5 ) ,  1 1 1 ( 1 0 ) ,  9 8 ( 9 ) ,
9 7 ( 1 0 0 ) ,  9 6 ( 1 0 ) ,  9 5 ( 1 1 ) ,  8 4 ( 2 9 ) ,  8 3 ( 7 ) ,  8 1 ( 7 ) ,  7 9 ( 1 1 ) ,  
6 7 ( 1 0 ) ,  4 3 ( 2 7 ) .
15. P r e p a r a t io n  o f  2 - < 5 - a c e t o x y p e n t y l ) c y c l o p e n t - 2 -  
e n - l - o n e  C453:
F o l lo w in g  t h e  g e n e r a l  proced ure  o f  Bernady1*7 , t o  
a 300 mL t h r e e  necked round-bottomed f l a s k  f i t t e d  w ith  a 
m echanica l  s t i r e r  and' a Dean Stark  t r a p  was added LiBr 
( 1 5 . 5  g ,  0 .1 7 8  mol) and Li^COs ( 1 4 . 8 7  g ,  0 . 2 0  mol) in  
129 mL o f  DMF. The m ix ture  was d r i e d  by c o n t in u o u s  e x t r a c ­
t i o n  o v e r n ig h t  w ith  100 mL o f  benzene  and f i n a l l y  benzene  
was removed. Meanwhile, t o  a w e l l - s t i r r e d  w h i te  su sp en ­
s i o n  o f  CaCQ  ̂ ( 8 . 7 6  g ,  8 7 . 6  mmol) in  90 mL o f  CHCl^ 
c o o le d  t o  0 -5°C  were added d ropw ise  s i m u l t a n e o u s l y  at
O0 - 3  C during  1 h, a s o l u t i o n  o f  E44A3 ( 2 0 .4  g, 87 mmol) in  
1 0 .3  mL o f  CHC1  ̂ and a s o l u t i o n  o f  Br2 ( 1 4 . 0 2  g ,  87 mmol) 
in  13 mL o f  CC1-*.. The r e a c t i o n  m ix tu r e ,  which turned from
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m ilky  y e l l o w  t o  o r a n g e - y e l lo w  and th e n  t o  m ilky  orange ,
was s t i r r e d  w ith  c o o l i n g  a t  t h e  same tem p er a tu r e  for
0 . 5  h,  and t h e  p h a se s  were s e p a r a t e d .  The aqueous phase
was washed w ith  CHCla. The combined o r g a n ic  p h a s e s  were
washed w i th  5% NaHSOa, water and s a t u r a t e d  NaCl s o l u t i o n ,
o
d r ie d  w ith  NaaSO*, and e v a p o r a te d  in  vacuo a t  40 C t o  
y i e l d  2 7 . 5  g o f  a bromoketone.  T h is  product  was d i s s o l v e d  
in  10 mL o f  dry DMF and then  im m ed ia te ly  added in  one por­
t i o n  t o  t h e  h e a te d  m ix tu re  o f  Li s a l t s  and DMF at  80° C 
d r ie d  a s  above .  The b e i g e - c o l o r e d  m ix tu r e ,  which was r e ­
f lu x e d  under Na for 0 . 5  h, became d a rk er .  The r e a c t i o n  
m ixture  was c o o le d  s l o w l y ,  poured i n t o  400 mL o f  i c e -  
w a ter ,  and a c i d i f i e d  w ith  c o n c e n t r a t e d  HC1 (about 34 
mL) u n t i l  t h e  s o l i d  o f  t h e  r e a c t i o n  m ix tu re  was d i s s o l v e d  
and a brown . t a r  was formed. I t  was e x t r a c t e d  w ith  
3 x 800 mL p o r t i o n s  o f  e th e r  , washed w ith  3 x 600 mL 
p o r t i o n s  o f  w ater ,  then s a t u r a t e d  NaCl s o l u t i o n  (900 mL), 
d r ie d  w ith  anhydrous Na3SCU, and e v a p o r a te d  in  vacuo.  
The r e s i d u e  was chromatographed on 600 g o f  s i l i c a  g e l ,  
e l u t i n g  w ith  a g r a d i e n t  o f  0 t o  8% e t h y l  a c e t a t e - h e x a n e  
( v / v )  t o  y i e l d  8 . 7 4  g (527.) o f  C453 a s  a c o l o r l e s s  o i l  
( l i t 1*'7' bp 1 1 6 - 1 18°C /0 .  25 mm).
1H NMR (CDC13, TMS):
0 . 8 7 - 1 . 7 8  (m, 6 H, -CH^-CH^-CH— ) ,
2 . 0 4  ( s ,  3 H, CH3-C02),
2 . 2 0 - 2 . 6 9  (m, 6 H, -CH^-CH^-CO-C-CH^-),
4 . 0 9  (m, 2 H,-CH=—0C0—CHa ) ,
iau
7 . 3 4  (m, 1 H, C=CH);
IR ( n e a t , cm -1):  1736 ( e s t e r  C=0), 1700 (C=*D),
1626 (C=C), 1238.
UV (max): 228 nm (e  7 8 0 0 ) .  MSf m/e ( r e l  i n t e n s i t y ) :
210(1**-, 2 ) ,  ISO ( 2 9 ) ,  1 3 S ( 2 1 ) ,  1 2 3 ( 1 4 ) ,  1 2 2 ( 8 2 ) ,
1 2 1 ( 4 3 ) ,  1 1 7 ( 1 3 ) ,  1 0 9 ( 1 2 ) ,  1 0 8 ( 3 4 ) ,  1 0 7 ( 2 6 ) ,  9 7 ( 1 2 ) ,
9 6 ( 8 9 ) ,  9 5 ( 4 6 ) ,  9 4 ( 2 4 ) ,  9 3 ( 2 3 ) ,  9 1 ( 2 1 ) ,  8 1 ( 1 9 ) ,  8 0 ( 3 2 ) ,  
7 9 ( 9 5 ) ,  7 7 ( 1 5 ) ,  6 8 ( 1 0 ) ,  6 7 ( 4 6 ) ,  6 6 ( 1 7 ) ,  6 5 ( 1 8 ) ,  5 5 ( 3 3 ) ,  
5 3 ( 1 9 ) ,  4 3 ( 1 0 0 ) .
16. Attempt t o  p repare  C453 from l , 2 - b i s ( t r i m e t h y l -  
s i l o x y ) c y c l o p e n t e n e  C45A3:
Part  A: P r e p a r a t io n  o f  C45A3:
D i e t h y l  g l u t a r a t e  was su b m it ted  t o  t h e  a c y l o i n  con­
d e n s a t io n  u s in g  MeaSiCl a c c o r d in g  t o  t h e  m o d i f ied  pro­
c e d u r e 190. The e n e d i o l - b i s - t r i m e t h y l s i l y l  e th e r  C45A3 was 
p u r i f i e d  by d i s t i l l a t i o n  and o b t a in e d  in  83V. y i e l d  under a 
s i m i l a r  c o n d i t i o n  employed above (N a /T o lu e n e / f t e a S iC l ) ,  bp 
115-117  C/20 mm ( l i t 130 bp 9 3 -9 4 ° C /1 2  mm) a s  a c o l o r l e s s  
1i qui d .
Part B: Attempted a l k y l a t i o n  o f  C45A3:
To a c o ld  ( - 1 5  t o  —20°C) s o l u t i o n  o f  C45A3 in  25 mL 
o f  monoglyme was added dropw ise  1 .5 4  M MeLi in  e th e r  
(14 mL, 22 mmol). The c lo u d y ,  w h i t e  r e a c t i o n  m ixture  was 
s t i r r e d  a t  - 1 5  t o  -20°C for 30 min. A fter  removal o f  th e  
s o l v e n t  under vacuum over 4 h a t  3 0 -7 0  mm, a mixed s o l v e n t  
o f  THF ( 7 . 5  mL) and HMPT ( 2 2 . 5  mL) was added t o  t h e  red
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brown r e s i d u e  c o n t i n u o u s l y ,  and th en  C40A3 ( 2 . 5 6  g ,  10 mmol)
was added dropw ise  over 25 min fo l lo w e d  by s t i r r i n g  a t
o o- 2 0  C for 1 h, then  at  25 C for 2 h. The r e a c t i o n  m ix tu re
was d i l u t e d  w i th  b r i n e  c o n t a i n i n g  107. HC1 (80 mL), e x t r a c t ­
ed w ith  3 x 100 mL p o r t i o n s  o f  e t h e r ,  d r i e d  over  anhydrous  
MgSO.*, and c o n c e n tr a t e d  t o  g i v e  an o i l y  product  which con­
t a i n e d  a m ix ture  o f  13 u n i d e n t i f i e d  components and no 2 - ( 5 -  
a c e t o x y p e n t y l ) - 2 - h y d r o x y c y c l o p e n t a n o n e  ( d e s i r e d  p ro d u ct )  was  
o b ta in e d  (based  on MS and 1H-NMR a n a l y s i s ) .
17. Conjugate  a d d i t i o n  o f  e thylm agnesium  bromide  
t o  C453 8
To a s t i r r e d  s o l u t i o n  o f  3 M EtMgBr in  e th e r  ( 3 . 5  
mmol, 1 . 2  mL) a t  -7°C was added 1 .6 7  mg o f  Cul.  While  main­
t a i n i n g  t h e  i n t e r n a l  tem p era tu re  o f  t h e  dark brown r e a c t ­
ion  m ixture  between - 7  and -5 °C ,  a s o l u t i o n  o f  C453 
( 0 . 4 8  g ,  2 . 3  mmol) in  0 . 7  mL o f  anhydrous e th e r  was added 
dropw ise  w ith  rap id  s t i r r i n g .  The r e a c t i o n  complex was d e ­
composed by adding 0 . 7  mL o f  a c o ld  s a t u r a t e d  NH^Cl s o ­
l u t i o n ,  fo l lo w e d  by d i l u t e  HC1 ( 0 . 5  N),  t o  g i v e  a c l e a r  s o ­
l u t i o n .  The e t h e r e a l  la y e r  was s e p a r a t e d  and t h e  sky b l u e -  
c o lo r e d  aqueous phase  was th o r o u g h ly  e x t r a c t e d  w ith  s i x  
p o r t i o n s  o f  e t h e r .  The combined e x t r a c t s  were d r i e d  w ith  
anhydrous MgSÔ . and c o n c e n t r a t e d  on a r o t a r y  e v a p o r a t o r .  
The r e s i d u e  ( 0 . 4  g)  was t h i n  la y e r  chromatographed on s i ­
l i c a  g e l ,  e l u t i n g  w ith  20% e t h y l  a c e t a t e —hexane ( v / v )  t o  
y i e l d  0 . 1 2  g (227.) o f  t r a n s - 3 - e t h y l - 2 - ( 5 - a c e t o x v p e n t y l ) c y -
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c lo p e n ta n o n e  C373, (Rf =» 0 . 2 7 - 0 . 2 2 ) ,  a s  a c o l o r l e s s  o i l .
(See  t h e  r e s u l t s  and d i s c u s s i o n  s e c t i o n  for a d i s c u s s i o n  
o f  t h e  ass ig n m en t  o f  g e o m e tr ic  i so m e r s  based  on NMR.]
18. C on jugate  a d d i t i o n  o f  l i t h i u m  d i e t h y l c u p r a t e  t o  C45]s 
Ethyl  bromide ( 0 . 4  g ,  3 . 7  mmol) in  1 .1  mL o f  an­
hydrous e t h e r  was added dro p w ise  t o  Li w ir e  c o n t a i n i n g  87.
Na ( 0 . 6 7  g ,  0 .0 1  mol) in  3 . 7  mL o f  anhydrous e th e r  under
oAr w ith  m echanica l  s t i r r i n g  a t  - 2 0  C t o  g i v e  a c lo u d y ,
gray s o l u t i o n .  A f te r  1 h s t i r r i n g  a t  t h e  same t em p er a tu r e ,
t h e  s o l u t i o n  o f  EtLi in  e t h e r  was added s l o w l y  t o  a s l u r r y
o f  Cul ( 0 . 3 5  g ,  1 . 8  mmol) in  1 . 8  mL o f  f r e s h l y  d i s t i l l e d  
o
THF a t  - 7 8  C. The r e s u l t i n g  p u r p le  s o l u t i o n  was s t i r r e d  for
15 min and then  a s o l u t i o n  o f  C45D ( 0 . 3 8  g ,  1 .8  mmol) in
o
0 . 4  mL o f  f r e s h l y  d i s t i l l e d  THF was added a t  —78 C. F o l -
o
lowing  a 10 min p e r io d  a t  - 7 8  C, MeaSiCl ( 0 . 4 6  mL, 3 . 6  
mmol) was added t o  t h e  r e a c t i o n  m ix tu r e ,  and t h e  c o ld  bath  
was removed. On warming t o  room tem p erature  (over  c a .  1 h)  
t h e  m ix tu re  was poured i n t o  a m ix ture  o f  50 mL o f  hexane ,  
0 . 2 8  mL o f  EtaN and i c e  w a te r .  The c lo u d y ,  w h i t e  hexane  
s o l u t i o n  was s e p a r a t e d  from t h e  y e l l o w - g r e e n  aqueous s o l u ­
t i o n ,  and washed with  NaH C O a s o l u t i o n  t o  y i e l d  a sky b l u e -  
c o lo r e d  aqueous l a y e r ,  which was d r i e d  over anhydrous  
Na^SO*. and c o n c e n tr a t e d  on a r o t a r y  e v a p ora tor  t o  g i v e  
300 mg o f  t h e  crude  y e l l o w i s h  o i l y  p r o d u ct .  T h is  product  
was t h i n - l a y e r  chromatographed on s i l i c a  g e l ,  e l u t i n g  w ith  
207. e t h y l  a c e t a t e  -  hexane ( v / v )  t w i c e  t o  g i v e  a c o l o r l e s s
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I
o i l  E371 ( c i s / t r a n s  * 2 7 / 7 3 ,  based  on GC a r e a s )  <Rf " 0 . 3 5 -  
0 . 4 2 > f y i a l d  140 mg (32 .5% ).
19. C onjugate  a d d i t i o n  o f  l i t h i u m  d i a t h y l c u p r a t a  
t o  E453 in  t h a  p r a ta n c a  of. Ma»8iCl i
A s o l u t i o n  o f  EtBr ( 3 . 1 9  g r 2 9 . 3  mmol) i n  10 mL o f  
anhydrous a th ar  was addad dropw isa  t o  a p a a - s i z a d  p l a c e  o f  
Li w ir e  c o n t a i n i n g  0.8% Na ( 0 . 5 8  g ,  83 mmol) i n  34  mL o f  
anhydrous a th a r  a t  - 1 0  t o  - 2 0 ° C under Ar w ith  m echanica l  
s t i r r i n g .  A f t e r  2 h a t  - 1 0  t o  -17 ^ 0  t h a  l i g h t  g r a y ,  c lo u d y  
s o l u t i o n  o f  EtLi was addad t o  a w h i t e  s l u r r y  o f  Cul ( 2 . 7 8  g ,
1 4 .6  mmol) in  1 6 .7  mL o f  f r e s h l y  d i s t i l l e d  THF a t  —35 t o
o- 2 5  C over  11 min. Tha r e a c t i o n  m ix t u r e ,  which tu r n e d  m ilky
b r i g h t y a l l o w ,  than burgundy r ad ,  and f i n a l l y  dark p u r p l e ,
o
was m e c h a n ic a l ly  s t i r r e d  under Ar a t  - 3 5  C for  15 min and 
c o o le d  t o  - 7 8 °C. A s o l u t i o n  o f  Me3 SiCl  (126 mL, 1 4 .6  mmol)
in  6 . 1  mL o f  f r e s h l y  d i s t i l l e d  THF was added d r op w ise  t o
o
t h e  s o l u t i o n  a t  - 7 8  C. T h is  was im m ed ia te ly  f o l lo w e d  by t h e  
a d d i t i o n  o f  a s o l u t i o n  o f  E453 ( 2 . 5 6  g ,  1 2 .2  mmol) in  12 mL 
o f  dry THF over 3 min. On warming t o  room tem p er a tu r e  for  
1 h t h e  r e a c t i o n  m ix tu r e ,  which turned  dark r e d ,  th en  dark 
brown, was s t i r r e d  for  another  2 h .  At t h i s  t im e  t h e  mix­
t u r e  was v ery  dark p u r p le ,  and i t  was added d r o p w ise  t o  a 
m ix tu r e  o f  c o l d ,  v i g o r o u s l y  s t i r r e d  s a t u r a t e d  NH*C1 (400  mL) 
and e t h e r  <200 mL). The o r g a n ic  phase  was s e p a r a t e d .  The 
sky  b l u e - c o l o r e d  aqueous ph a se  was e x t r a c t e d  w i th  3 x 200  
mL p o r t i o n s  o f  e t h e r .  The combined e t h e r e a l  e x t r a c t s  were
washed w ith  2 x 600 mL p o r t i o n s  o f  s a t u r a t e d  NaHCOa s o l u ­
t i o n ,  d r i e d  w ith  anhydrous Na2S04 ,  and c o n c e n t r a t e d  on t h e  
r o t a r y  e v a p ora tor  t o  g i v e  3 . 0  g o f  cru de  product  E46D.
XH NMR (CDC1=», TMS): 0 . 1 6  ( s ,  9  H, SiMe3 >,
0 . 9 0  ( t ,  J -  7 . 0  Hz, 3 H, -CHa-CH3 ) ,
0 . 9 5 - 2 . 7 0  Cm complex,  15 H),
2 . 0 4  Cs, 3 H, QC-CH3 ) ,
4 . 0 4  Ct, J = 6 . 7  Hz, 2 H, - C H = - 0 - ) .
IR Cncat, cm"1):  1750 (0-C=Q), 1710 (C=C-0SiMe3 ) ,
1690, 1640, 1260, 1240, 850 ,  760 .
MS, m/e Crel i n t e n s i t y ) :  312CM~", 4 ) ,
283C15) ,  197C8), 152C7), 151C27), 1 3 3 ( 1 7 ) ,  1 1 7 ( 1 5 ) ,
1 0 9 ( 1 9 ) ,  1 0 7 ( 6 ) ,  1 0 5 ( 8 ) ,  9 5 ( 9 ) ,  9 3 ( 2 3 ) ,  9 1 ( 1 0 ) ,
8 1 ( 1 1 ) ,  7 9 ( 7 ) ,  7 5 ( 2 8 ) ,  7 3 ( 1 0 0 ) ,  5 5 ( 9 ) ,  4 5 ( 1 2 ) ,
4 3 ( 8 0 ) .
Without fu r th er  p u r i f i c a t i o n  C463 was c o n v e r te d  t o  C373 
by one o f  t h e  f o l l o w i n g  methods:
Method A:
The crude product  C463 ( 0 . 1 5  g ,  0 . 4 8  mmol) was t h i n -  
la y e r  chromatographed on s i l i c a  g e l ,  e l u t i n g  w ith  207. e t h y l  
a c e t a t e - h e x a n e  t o  y i e l d  C373, which was i d e n t i f i e d  by com­
p a r in g  MS, l H-NMR and Rf v a l u e  w ith  t h o s e  o f  t h e  a u t h e n t i c  
sam ple ,  33 mg (297.) (Rf = 0 . 3 5 - 0 . 4 2 ) .  C i s / t r a n s  = 2 5 / 7 5  
(based on SC a r e a s ) .
Method B:
The impure C461 ( 0 . 1 4  g ,  0 . 4 5  mmol) was s t i r r e d  at  
room tem perature  for 24 h w ith  a m ix ture  o f  a c e t i c  a c id
1b9
(43  d r o p s ) r water (15  drops )  and THF (15  d r o p s ) .  A f te r
removal o f  s o l v e n t  i n  vacuum, t h e  product  was warmed i n  t h e
o
f l a s k  w ith  0 . 0 2  mL o f  EtaN a t  130 C for  1 h.  E t3N was 
removed t o  g i v e  0 . 1 2  g o f  cru de  product  £ 3 7 3 , i d e n t i f i e d  a s  
above ,  which was th en  p u r i f i e d  a s  in  method A. Y i e ld  
20 mg (20%) from £463. C i s / t r a n s  ■ 2 5 / 7 5  (based  on GC 
a r e a s ) .
Method C»
A s o l u t i o n  o f  a c e t i c  a c id  ( 3 1 .1  mL), water ( 1 0 . 4  mL), 
and THF ( 1 5 . 5  mL) was added t o  £463 ( 0 . 6 3  g ,  2 . 0  mmol) 
( p r e v i o u s l y  p u r i f i e d  by column chromatography on s i l i c a  
g e l ,  e l u t i n g  w ith  a g r a d ie n t  o f  0-2% e t h y l  a c e t a t e -  
hexane)  w ith  s t i r r i n g .  The c lo u d y  s o l u t i o n  was a l lo w e d  
t o  s tan d  a t  5 0 ° C for 4 h.  The c o o le d  r e a c t i o n  m ix tu r e  was 
d i l u t e d  w ith  e t h y l  a c e t a t e  and washed w ith  5% NaHCOs s o l u ­
t i o n  and w a te r .  The o r g a n ic  l a y e r  was d r i e d  over anhydrous  
Na2S0*. A fte r  removal o f  s o l v e n t ,  t h e  cru de  y e l l o w  o i l  
( 0 . 4 8  g)  was p u r i f i e d  a s  in  method A t o  g i v e  0 . 2 4  g (50%) 
o f  £373 ( c o l o r l e s s  o i l y  p r o d u c t ) .  £373 was i d e n t i f i e d  by  
comparing MS, GC r e t e n t i o n  t im e ,  ‘ H-NMR, and Rf v a l u e  w ith  
t h o s e  o f  t h e  a u t h e n t i c  sam ple .  The c i s / t r a n s  r a t i o  was 
2 2 / 7 8  a c co r d in g  t o  GC a r e a s .
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2 0 .  R e a c t io n  o f  t r i m e t h y l s i l o x y c y c l o h e x e n e  C673 and
aluminum h y d r i d e s
To a s t i r r e d  s o l u t i o n  o f  LiAlH.* ( 1 .1  g t 0 . 0 3  mol) 
i n  dry e t h e r  (44 mL) a l i g h t  y e l l o w  s o l u t i o n  o f  A1C13 
( 1 . 4 4  g ,  0 .0 1  mol) in  33 mL o f  dry e th e r  was added. The 
r e a c t i o n  between LiAll-U and AlCla  was s l i g h t l y  exo th erm ic
o( tem p er a tu r e  in c r e a s e d  from 25 t o  28 C). The dark g r a y -  
c o l o r e d  m ix tu re  c o n t a i n i n g  A1H3 was l e f t  for 1 h a t  room 
t em p er a tu r e  then  E673 ( 1 . 3  g ,  0 .0 1  mol) (prepared  a s  de­
s c r i b e d  in  method 35) in  dry e th e r  (8 mL) was added dro p -  
w i s e .  A f te r  2 0 - 4 8  h o f  r e f l u x i n g  under Ns or Ar t h e  r e a c t ­
io n  m ix tu r e ,  which turned  l i g h t  g r a y ,  was c o o l e d  in  an 
i c e - b a t h  and c a u t i o u s l y  t r e a t e d  w ith  i c e  c o ld  aqueous a c id  
(50 mL o f  5 N HC1 or 0 . 5  N HC1) .  (N o t e s a c o ld  t r a p  was 
a t t a c h e d  t o  t h e  end o f  t h e  c o n d e n s e r ) .  The e t h e r e a l  la y e r  
was s e p a r a t e d ,  and t h e  aqueous la y e r  e x t r a c t e d  w ith  3 x 15 
mL p o r t i o n s  o f  e t h e r .  The combined e th e r  l a y e r s  were wash­
ed r a p i d l y  in  s u c c e s s i o n  w ith  c o l d  s a t u r a t e d  NaHCOa s o l u t ­
io n  (40 mL) and c o ld  water (40 mL). The o r g a n ic  e x t r a c t s  
were d r ie d  over anhydrous MgSO.*. A fte r  t h e  e th e r  was r e ­
moved, t h e  e x t r a c t s  were c a r e f u l l y  d i s t i l l e d  t o  o b t a in  
f r a c t i o n s  which c o n ta in e d  cy c lo h e x a n o n e  and c y c l o h e x e n e ,  
a s  shown by ‘ H—NMR, GC/MS and a q u a l i t a t i v e  t e s t  w ith  
Bra/CCl* (Note:  r e a c t i o n  o f  t r i m e t h y l s i 1o x y c y c 1ohexene
w ith  Br2 /CCl^ g i v e s  fumes and a c lo u d y  s o l u t i o n ;  whereas
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c y c l o h e x e n e  and Br3 /CCl*. g i v e s  a c o l  or l a s s  s o l u t i o n ) .  In 
no c a s a  was t h a  GC y i a l d  o f  c y c lo h a x a n a  g r a a ta r  than c a .  
1%, s o  t h a  method was not  pursuad f u r t h a r .
2 1 .  P r a p a r a t io n  o f  l - C S - a c a t o x y p a n t y l ) c y c l o p a n t a n a  C4B3 
and 3 - ( 5 - a c e t o x y p a n t y l ) c y c l o p a n t e n a  C473;
To a r a p i d l y  s t i r r a d  s u s p a n s io n  o f  Zn d u st  CO.30 g f
4 . 7  mmol) in  dry a thar  C6 mL) c o n t a i n i n g  MeaSiCl ( 0 . 2 6  g ,
2 . 4  mmol) was addad a s o l u t i o n  o f  C433 CO.1 g ,  0 . 4 7  mmol) 
i n  anhydrous a thar  C3 mL) t o  form a dark gray s u s p a n s io n .  
Tha r a a c t i o n  m ix tu r a f which turnad s l i g h t l y  gray  a f t a r  12 
d a ys  s t i r r i n g  a t  room tem p e r a tu r e ,  was f i l t a r e d .  Tha 
a t h a r a a l  s o l u t i o n  was washad w ith  aquaous NaHCOa and w a te r ,  
d r i e d  over  anhydrous MgSO*, and e v a p o r a te d .  The crude  pro­
duct  was t h i n  l a y e r  chromatographed on s i l i c a  g a l ,  e l u t ­
in g  w ith  10% e t h a r - h e x a n e ,  t o  y i e l d  6 mg (6.5%) o f  a c o l o r  
l a s s ,  o i l y  product  (Rf » 0 . 3 6 - 0 . 4 6 )  b e l i e v e d  t o  be a mix­
t u r e  o f  E473 ( c a .  10%) and C483 ( c a .  90%). E433 was r e ­
covered  i n  (65% y i e l d ) .
*H NMR CCDCla, TMS)i
C473; 1 . 1 0 - 1 . 7 0  Cm, 8 H, C-CHa-14),
1 . 7 0 - 2 . 8 0  (m com plex ,  5 H, -CHa-CH=-CH- r i n g ) ,
2 . 0 5  ( s ,  3 H, 0-C-Me),
4 . 0 4  Ct, J * 7 . 0  Hz, 2 H, - C H * - 0 - ) ,
5 . 6 9  (m, 2 H, HC-CH))
C4B3; 1 .1 0 -  1 .70  Cm, 6 H, -CCH23-3),
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1 . 7 0 - 2 . 8 0  (m, 8 H ) , 2 . 0 5  ( s ,  3 H, OC-Me),
4 . 0 4  ( t ,  J = 7 . 0  Hz, 2 H( -O-CHa-) ,
5 . 3 9  (m, 1 Hf -C=CH-). IR ( n e a t ,  cm- 1 ) :  
for t h e  m ix tu r e :  3050 ,  1745,  1590,
1250. MS, m/e ( r e l  i n t e n s i t y ) :  C483 196(M*, 3 ) ,
1 3 6 ( 3 7 ) ,  1 2 1 ( 2 6 ) ,  1 0 8 ( 3 3 ) ,  1 0 7 ( 2 7 ) ,  9 6 ( 2 2 ) ,
9 5 ( 7 0 ) ,  9 4 ( 4 7 ) ,  9 3 ( 9 2 ) ,  9 1 ( 1 8 ) ,  8 2 ( 3 8 ) ,  8 1 ( 5 8 ) ,
8 0 ( 7 8 ) ,  7 9 ( 1 0 0 ) ,  7 7 ( 1 7 ) ,  6 9 ( 1 8 ) ,  6 8 ( 3 3 ) ,  6 7 ( 9 9 ) ,
6 6 ( 2 0 ) ,  6 5 ( 1 0 ) ,  6 1 ( 1 4 ) ,  5 5 ( 2 5 ) ,  5 4 ( 1 1 ) ,  5 3 ( 1 4 ) ,
4 3 ( 7 1 ) ,  4 1 ( 3 3 ) ,  3 9 ( 1 1 ) ;  C473: 196(M~, 4 ) ,
1 3 6 ( 1 8 ) ,  1 2 1 ( 9 ) ,  1 0 8 ( 1 0 ) ,  1 0 7 ( 3 ) ,  9 5 ( 1 2 ) ,  9 4 ( 1 2 ) ,
9 3 ( 3 9 ) ,  8 0 ( 4 6 ) ,  7 9 ( 2 2 ) ,  6 7 ( 1 0 0 ) ,  6 6 ( 1 7 ) ,  6 1 ( 1 4 ) ,
4 3 ( 2 2 ) ,  4 1 ( 1 1 ) .
A n a l . C alcd .  for  C i2H20O2: C, 7 3 .4 7 ;  H, 10 .2 0 ;
(S e e  t h e  r e s u l t s  and d i s c u s s i o n  s e c t i o n  for a d i s c u s s ­
ion  a t  t h e  s t r u c t u r a l  a s s i g n m e n t s ) .  Found: C, 7 3 .6 0 ;
H, 1 0 .0 2 .
2 2 .  H ydroborat ion  o f  t r i m e t h y l s i l y l  eno l  e t h e r s  o f  
C433:
Part  A: A s o l u t i o n  o f  l i t h i u m  d i i s o p r o p y l  amide (LDA) 
was prepared  in  s i t u  by a d d i t i o n  o f  2 . 6  M BuL i/hexane  
( 0 . 7 0  mL, 1 .5  mmol) t o  d i i s o p r o p y la m i n e  ( 0 . 2 4  mL, 1 .7  
mmol) in  dry THF ( 3 . 5  mL) at -78°C .  The o f f - w h i t e  s o l u t i o n  
was s t i r r e d  a t  -78°C for 15 min. To t h e  LDA s o l u t i o n  C433 
(50 mg, 0 . 2 3  mmol) in  f r e s h l y  d i s t i l l e d  THF ( 0 . 0 5  mL)
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was addad d ropw isa  undar N* a t  - 7 8  C. Tha r e a c t i o n  m ix tu re  
was s t i r r e d  for  a f u r t h e r  1 h ,  th en  MeaSiCl CO.30  mL, 2 . 4  
mmol> was added s l o w l y  t o  p r o v id e  a w h i t e  c lo u d y  s u sp e n ­
s i o n .  The m ix tu r e  was a l lo w e d  t o  warm t o  room te m p e r a tu r e .  
A fte r  s t i r r i n g  for  1 h ,  s o l v e n t  was e v a p o r a te d  i n  vacuo .  
Dry p en ta n e  <10 mL) was added and LiCl was removed by g r a ­
v i t y  f i l t r a t i o n  in  a g l o v e  bag .  E v ap o ra t ion  o f  t h e  f i l ­
t r a t e  in  vacuo a f f o r d e d  s i l y l  e n o l  e t h e r  C503 <80 mg, o f f -
w h i t e  l i q u i d )  which was used for  t h e  n ex t  r e a c t i o n  w i t h ­
out  f u r th e r  p u r i f i c a t i o n .
*H NMR <CDCla , TMB) t 0 . 2 1  <s,  9  H, SiMe^,),
1 . 2 0 - 2 . 9 0  <m, 13 H), 2 . 0 4  <s, 3 H, QC-CHa),
4 . 0 5  <t ,  J -  7 . 0  Hz, 2 H, -CH3- 0 ) ,
4 . 5 7  <t ,  J »  7 . 0  Hi,  1 H, -O C H -)  j
MS, m/e <rel  i n t e n s i t y )  C503i 2B4CM'*’, 1 3 ) ,  183C7),
170C18),  169<1 0 0 ) ,  167 <14) ,  157C12), 156C72),
155C54), 1 41 <5),  1 17C2B), 75C 31) ,  7 4 < 7 ) ,  73CB6),
4 3 ( 1 2 ) .
Part  Bi To an o f f - w h i t e  s o l u t i o n  o f  s i l y l  e n o l  e th e r
C503 <62 mg, 0 . 2 2  mmol) in  f r e s h l y  d i s t i l l e d  THF <0.011
mL) was added d rop w ise  1 M BH=».THF <1.1 mL, 1 .1  mmol) a t  
o
- 5  t o  0 C. Many b u b b le s  were formed in  t h e  f l a s k  a t  t h e  
b e g i n n in g ,  then  a c l e a r ,  c o l o r l e s s  s o l u t i o n  was o b t a in e d  
a t  t h e  end o f  t h e  a d d i t i o n .  The c o ld  bath  was removed at
o n c e .  The r e a c t i o n  m ix tu r e  was warmed t o  room tem p era tu re
and s t i r r e d  for  1 h. A few drops  o f  water <0 .25  mL) were
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added s l o w l y  t o  d s s t r o y  any e x c e s s  h y d r id e .  A c lo u d y  s o l u ­
t i o n  was formed. T h is  was f o l lo w e d  by t h e  a d d i t i o n  o f  12.5% 
HC1 ( 0 . 1 6 4  mL) and r e f l u x  for  4 h .  The aqueous l a y e r  was 
e x t r a c t e d  w ith  e t h e r .  The combined o r g a n ic  l a y e r  was 
washed w ith  s a t u r a t e d  NaHCOa, th en  w i th  w a t e r , d r i e d  over  
anhydrous Na^SO* and c o n c e n t r a t e d .  The cru de  product  
( 2 2 . 2  mg) was t h i n  l a y e r  chromatographed on s i l i c a  g e l ,  
e l u t i n g  w ith  10% e t h e r - h e x a n e  t o  a f f o r d  10 mg (33%) o f  a 
m ix tu re  o f  C473 and C523. r a t i o  4 0 i 6 0  (based  on GC a r e a s ) ,  
Rf = 0 . 1 0 - 0 . 2 4 ,  a s  c o l o r l e s s  l i q u i d .  C473 was i d e n t i f i e d  
by comparison o f  *H NhR,IR and MS w ith  t h a t  prepared  in  
procedure  2 4 .  The minor components C473 had an MS i d e n t i ­
c a l  t o  t h e  minor component in  pro ced u re  21 .
2 3 .  P r e p a r a t io n  o f  2 - ( 5 - h y d r o x y p e n t y l ) c y c l o p e n t a n o n e  
C53 Hi
A c l e a r ,  y e l l o w  s o l u t i o n  o f  C433 ( 1 . 2 6  g ,  5 . 9 5  mmol) 
i n  7% e t h a n o l i c  K0H [prepared  by d i s s o l v i n g  0 . 3 5  g ( 6 . 2  
mmol) o f  K0H in  0 . 2 5  mL o f  water and d i l u t i n g  t o  5  mL 
w ith  e th a n o l  3 was kept a t  room tem p era tu re  for  24 h.  
A fte r  t h e  s o l v e n t  in  t h e  c lo u d y ,  y e l l o w  s o l u t i o n  was r e ­
moved in  vacuo ,  t h e  r e s i d u e  was d i s s o l v e d  i n  water (1 mL) 
and e x t r a c t e d  with  5 x 25 mL p o r t i o n s  o f  e th e r  t o  y i e l d  
0 . 7 4  g (74%) o f  C533 a f t e r  e th e r  rem oval .  
l H NMR (CDCla, TMS)s 0 . 9 0 -  2 . 0 0  (m, 12 H),
2 . 0 0 - 2 . 5 0  (m, 3 H, -CH=-C0-CH->,
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3 . 6 4  ( t ,  J »  7 . 0  Hz, 2 H, -CH*-0->;
IR ( n e a t , cm"1)* 3400 ,  1740.
MS, m/8 ( r e l  i n t e n s i t y ) :  152(M~-H20, 1 ) ,
9 7 < 1 4 ) ,  9 5 ( 2 ) ,  8 5 ( 7 ) ,  8 4 ( 1 0 0 ) ,  8 3 ( 2 2 ) ,  6 7 ( 1 0 ) ,
5 5 ( 1 4 ) ,  5 4 ( 6 ) ,  4 1 ( 9 ) ,  3 9 ( 5 ) .
Anal.  C alcd .  for  C&oHiaOa: C, 7 0 . 5 9 ;  H, 10 .59 ;
Found: C, 7 0 . 4 0 ;  H, 1 0 .6 5 .
24 .  Hydroborat ion o f  3 - ( 5 - t r i m e t h y l s i l o x y p e n t y l ) - 2 -  
t.r i  met h y l s i l o x y c y c l  opent  e n e :
Part  A: F o l lo w in g  p roced ure  2 2 ,  C533 ( 0 . 1 6  g ,  0 . 9 4  
mmol) in  dry THF (94  mL) was added t o  a s o l u t i o n  o f  LDA 
[prepared  in  s i t u  by a d d i t i o n  o f  2 . 6  M o f  BuLi in  hexane  
(94 mL, 3 mmol) t o  d i i s o p r o p y la m i n e  ( 0 .3 4 7  g,  3 . 4 2  mmol) 
in  dry THF ( 6 . 8  mL) a t  - 4 5  t o  -60°C3 under N= at  -78* C 
over 2 min. The r e a c t i o n  m ix ture  was s t i r r e d  for a fu r th e r  
1 h,  th en  MesSiCl ( 0 . 5 2  g ,  4 . 8  mmol) was added. The mix­
t u r e  was worked up a s  d e s c r i b e d  in  procedure  22 t o  a f f o r d  
[5 4 3 ,  0 . 2 6  g (88.3%) a s  a y e l l o w  o i l .
*H NMR (CDC1a, TMS): 0 . 1 0  ( s ,  9 H, -C-O-SiMe^),
0 . 2 0  <s, 9 H, -C=C-0SiMea),
1 . 2 0 - 2 . 5 0  (m, 13 H),
3 . 5 7  ( t ,  J = 7 . 0  Hz, 2 H, -CH=>-0-),
4 . 6 0  (m, 1 H, —C=CH—) .
Part  B: F o l lo w in g  procedure  2 2 ,  crude C543 ( 0 . 2 6  g,  
0 . 8 3  mmol) in  THF ( 0 . 3 2  mL) was t r e a t e d  w ith  1 M BH^.THF
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( 1 . 2 5  mL, 1 . 2 5  mmol ) ,  th en  w i th  10*/. HC1 (1 mL), and r e f l u x ­
ed for 4 h t o  p r o v id e  crude  £523 ( 0 . 1  g)  which was t h i n
l a y e r  chromatographed on s i l i c a  g e l , e l u t i n g  w ith  20%
e t h y l  a c e t a t e  -  hexane .  Pure £523 was o b t a in e d  a s  a c o l o r ­
l e s s  l i q u i d  15 mg (11.77.)  (Rf = 0 . 3 0 - 0 . 4 0 ) .  The product  
had i d e n t i c a l  NMR and MS p r o p e r t i e s  t o  t h a t  prepared in  
proced ure  22 .
*H NMR (C0C13| TMS) £473:
1 . 1 0 - 1 . 7 0  (m, 8 H, —CHa—CHa—CHa—CHa—) ,
1 . 7 0 - 2 . 8 0  (m complex ,  5 H, -CHa-CHa-CH-),
3 . 6 5  ( t ,  J = 6 . 4  Hz, 2 H, -CHa-0-),
5 . 6 8  ( s ,  2 H, —CH=CH—) .
IR ( n e a t ,  cm"1) £473: 3400 ,  3060 ,  1620, 1260;
MS, m/e ( r e l  i n t e n s i t y )  £473: 154(M"', 1 ) ,  1 3 6 ( 1 0 ) ,
1 2 1 ( 6 ) ,  1 0 8 ( 8 ) ,  1 0 7 ( 7 ) ,  9 5 ( 1 4 ) ,  9 4 ( 1 2 ) ,  9 3 ( 2 9 ) ,
8 2 ( 9 ) ,  8 1 ( 9 ) ,  8 0 ( 2 8 ) ,  7 9 ( 1 7 ) ,  7 7 ( 7 ) ,  6 8 ( 1 0 ) ,
6 7 ( 1 0 0 ) ,  6 6 ( 1 2 ) ,  6 5 ( 8 ) ,  4 1 ( 7 ) .
Anal.  C a lcd .  for CioHi b O: C, 7 7 .9 2 ;  H, 11 .69 ;
Found: C, 7 7 .8 4 ;  H, 1 1 .8 0 .
25 .  P r e p a r a t io n  o f  3 - e t h y l - 2 - ( 5 - h y d r o x y p e n t y l ) 
c y c lo p e n t a n o n e  £553:
F o l lo w in g  procedure  23 ,  £373 ( 0 . 4 9  g ,  2 . 0  mmol) in  
77. e th a n o l  i c  K0H ( 2 .1  mL) was kept at  room tem p erature  for  
24 h. Working up t h e  r e a c t i o n  m ixture  as u s u a l ,  crude  £553 
( 0 . 3 4  g ,  867. y i e l d )  was o b ta in e d  and used for t h e  n e x t  r e -
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a c t i o n  w i th o u t  fu r th e r  p u r i f i c a t i o n .  
l H NMR CCDCla, TMS):
0 . 9 5  Ct, J » 7 . 0  Hz, 3 H, CHa-CH*-),
1 . 1 4 - 1 . 8 4  Cm, 10 H),
2 . 0 6 - 2 . 7 0  Cm, 6 H, -CH^-CH^-CO-CH-CH-),
3 . 6 3  Ct, J -  6 . 1  Hz, 2 H, - C H = -0 - ) ;
IR ( n e a t ,  cm- 1 ) :  3400 ,  1740;
MS, m/e Crel i n t e n s i t y ) :  lSOCM-’-HsO, 1 ) ,  125C7),
112C50), 9 7 C7 ) ,  8 3 ( 1 0 0 ) ,  6 7 ( 1 0 ) ,  5 5 ( 1 8 ) ,  4 1 ( 1 1 ) .
2 6 .  H ydroboration o f  t h e  t r i m e t h y l s i l y l  eno l  e th e r  o f  
CSS]:
Part  A: F o l lo w in g  pro ced u re  22 ,  cru d e  C55] ( 0 . 3 2
g ,  1 .6 0  mmol) in  dry THF ( 0 . 1 7  mL) was added t o  a s o l u t i o n  
o f  LDA Cprepared in  s i t u  by a d d i t i o n  o f  2 . 6  M BuLi in  
hexane ( 1 . 4 5  mL, 3 . 2 8  mmol) t o  d i i s o p r o p y la m i n e  ( 0 . 4 1 8  g ,  
4 . 1 3  mmol) in  dry THF ( 8 . 3  mL)3 under N= a t  -68 t o  —6 5 ° C. 
The r e a c t i o n  m ixture  was s t i r r e d  for a f u r th e r  1 h, then  
MesSiCl ( 0 . 7 0  mL, 5 . 5 3  mmol) was added. The m ix tu re  was 
worked up a s  in  procedure  22 t o  y i e l d  C56] ( 0 . 5 4  g ,  3 3 “/. )
a s  a y e l l o w  l i q u i d .
‘ H NMR (CDCla, TMS):
0 .1 1  ( s ,  9 H, - 0 - S iM e a ) ,
0 . 2 2  ( s ,  9 H, -C=C-0SiMe3 ) ,
0 . 8 8  ( t ,  J = 6 . 5  Hz, 3 H, -CH3-CH3 ) ,
1 . 1 0 - 2 . 8 0  (m, 14 H),
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3 . 3 7  ( t ,  J -  7 . 0  Hz, 2 H, -CHa- 0 - ) ,
4 . 4 9  ( t ,  J -  2 . 0  Hz, 1 H, —CH“C—0 —SiM ea);
MS, m/e ( r e l  i n t e n s i t y ) :  342CM-, 4 ) ,  3 1 4 ( 7 ) ,
3 1 3 ( 2 4 ) ,  2 2 3 ( 2 0 ) ,  1 9 6 ( 6 ) ,  1 9 1 ( 1 2 ) ,  1 8 3 ( 1 1 ) ,
1 5 6 ( 1 7 ) ,  1 5 5 ( 7 1 ) ,  1 4 9 ( 4 ) ,  1 4 7 ( 1 2 ) ,  1 3 3 ( 9 ) ,  1 0 3 ( 5 ) ,
7 5 ( 3 0 ) ,  7 4 ( 9 ) ,  7 3 ( 1 0 0 ) ,  5 5 ( 5 ) ,  4 5 ( 9 ) .
Part Bs F o l lo w in g  proced u re  2 2 ,  crude  C56D ( 0 . 5 4  g ,  1 .6
mmol) in  dry THF ( 0 . 6 6  mL) was t r e a t e d  w ith  1 M BHa.THF 
(2 .5 1  mL, 2 .5 1  mmol) then  w ith  10 % HC1 ( 2 . 0  mL), and r e -  
f lu x e d  for  4 h t o  p r o v id e  cru de  C57D ( 0 . 2 6  g ) ,  which was 
t h i n  la y e r  chromatographed on s i l i c a  g e l ,  e l u t i n g  w ith  20% 
e t h e r - h e x a n e .  Pure C573 was o b t a in e d  a s  a c o l o r l e s s  l i ­
q u id ,  y i e l d  0 . 1 9  g (65%), Rf ■ 0 . 1 0 - 0 . 1 6 .
l H NMR (C0C1 st, TMS):
0 . 8 8  ( t ,  J = 7 . 0  Hz, 3 H, CH^-CH*-),
1 . 0 7 - 1 . 7 0  (m, 10 H, -CCH*!-,-) ,
1 . 7 1 - 2 . 6 2  (m, complex,  4 H, r in g  -CH=—CH-CH-) ,
3 . 6 3  ( t ;  J » 6 . 4  Hz, 2 H, - C H a - 0 - ) ,
5 . 6 8  ( s ,  2 H, -CH=CH—);
IR ( n e a t ,  c m '1) :  3400,  3060 ,  1620,
1270; MS, m/e ( r e l  i n t e n s i t y ) :  182(M~, 7 ) ,  1 3 5 ( 2 1 ) ,
1 2 1 ( 7 ) ,  1 0 9 ( 8 ) ,  1 0 8 ( 6 ) ,  1 0 7 ( 6 ) ,  9 6 ( 2 5 ) ,  9 5 ( 1 0 0 ) ,
9 3 ( 2 6 ) ,  8 1 ( 1 5 ) ,  8 0 ( 1 0 ) ,  7 9 ( 3 4 ) ,  7 7 ( 1 4 ) ,  6 7 ( 4 5 ) ,
5 5 ( 1 2 ) ,  4 1 ( 7 ) ,  3 9 ( 6 ) .
P r e c i s e  mass (by h i g h - r e s o l u t i o n  mass s p e c t r o m e t r y )  for  
CisHa^O, c a l c d .  1 8 2 .1 6 6 9 ,  found: 1 8 2 .1 6 6 8 .
1 9 9
2 7 .  P r e p a r a t io n  o f  4 - e t h y l - 3 - ( 5 - a c e t o x y p e n t y l ) -  
e y e 1o p e n te n e  C203:
A s o l u t i o n  o f  C57D ( 5 1 .1  mg, 0 . 2 8  mmol) and 0 . 1  
mL o f  dry p y r i d i n e  was prepared  in  a s t o p p e r e d  5 mL round-  
bottomed f l a s k ,  and 0 . 1 0  mL o f  a c e t i c  a nhydr ide  was added 
in  four p o r t i o n s  over a 15 min p e r io d .  The m ix tu r e  was 
s t i r r e d  w e l l  for  12 min and a l lo w e d  t o  s ta n d  for 6 h and 
then  poured o n to  i c e .  Uater was added (1 mL), and t h e  mix­
t u r e  was e x t r a c t e d  w ith  5 x 100 mL p o r t i o n s  o f  p e tro leum  
e th e r  (bp 3 5 -6 0  C). The o r g a n ic  e x t r a c t s  were combined and 
washed in  s u c c e s s i o n  w ith  3 p o r t i o n s  o f  s a t u r a t e d  NaHCOs 
s o l u t i o n  and w ith  3 p o r t i o n s  o f  w a te r .  The o r g a n ic  l a y e r  
was d r ie d  over anhydrous MgSO*, then  c o n c e n tr a t e d  on a r o ­
t a r y  e v a p ora tor  t o  p r o v id e  62 mg (997.) o f  C203 a s  a c o l o r ­
l e s s  o i l .
1H NMR ( CDC1s, TMS):
0 . 8 9  ( t ,  J = 7 . 0  Hz, 3 H, CHa-CHa-),
1 . 0 7 - 1 . 6 1  (m, 10H),
1 . 7 0 - 2 . 7 0  (m complex ,  4 H r i n g ) ,
2 . 0 4  ( s ,  3 H, OC-CHa),
4 . 0 5  ( t ,  J = 7 . 0  Hz, 2 H, -O-CH^-),
5 . 6 9  ( s ,  2 H, —CH=CH—>;
IR ( n e a t ,  cm- 1 ):  3060 ,  2930 ,  2860 ,  1745,  1640,
1370, 1240, 1040.  MS, m/e ( r e l  i n t e n s i t y ) :
224(M~, 3 ) ,  1 3 6 ( 1 5 ) ,  1 3 5 ( 7 3 ) ,  1 2 1 ( 1 9 ) ,  1 0 8 ( 1 5 ) ,
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107 (17)  , 9 6 ( 1 4 ) ,  95 (100> , 9 3 ( 2 2 ) ,  9 1 ( 1 1 ) ,
8 0 ( 1 2 ) ,  7 9 ( 3 7 ) ,  7 7 ( 1 0 ) ,  6 7 ( 3 7 ) ,  4 3 ( 2 1 ) ,  4 1 ( 7 ) .
(S ee  s t e r e o c h e m i c a l  a ss ig n m en t  s e c t i o n  for  13C NMR data  
o f  E201.
P r e c i s e  mass (by h i g h - r e s o l u t i o n  mass s p e c t r o m e t r y )  for  
c a l c d .  2 2 4 .1 7 7 9 ,  founds 2 2 4 .1 7 7 8 .
2B. P r e p a r a t io n  o f  ( 5 - a c e t o x y p e n t y l ) c y c l o p e n t a n e  E593s
A s o l u t i o n  o f  t h e  k e t o  e s t e r  E43D (212  mg, 1 .0  
mmol) and g—t o l u e n e s u l f o n y l h y d r a z i n e  ( 0 . 2 4  g ,  1 .2 5  mmol) 
in  a m ix ture  o f  D M F-sulfo lane  ( 3 . 2  mL : 2 . 8  mL) c o n t a i n i n g  
25 mg o f  p - t o l u e n e s u l f o n i c  a c id  was s t i r r e d  a t  room tempe­
r a t u r e  for 2 . 5  h.  The l i g h t  y e l l o w  s o l u t i o n  was warmed up 
t o  100 C, f o l lo w e d  by a d d i t i o n  o f  NaBHaCN ( 0 . 2  g ,
4 mmol), then  1 . 7  mL o f  dry c y c lo h e x a n e  and 2 mL o f  f r e s h ­
l y  d i s t i l l e d  THF. The r e a c t i o n  m ix ture  was h e a te d  at  
105-110  C for 6 h, c o o le d  t o  room tem p er a tu r e ,  d i l u t e d  
w ith  12 mL o f  w ater ,  and e x t r a c t e d  3 t i m e s  w ith  c y c l o ­
hexane .  The c y c lo h e x a n e  s o l u t i o n  was washed t w i c e  with  
w a ter ,  d r i e d  w ith  anhydrous Na^SO*., and c o n c e n t r a t e d  on 
a r o t a r y  e v a p o ra to r  t o  y i e l d  a y e l l o w  o i l ,  E59D ( 0 . 1 2  g ) .  
Crude E59] was p u r i f i e d  by t h i n  la y e r  chromatography on 
s i l i c a  g e l ,  e l u t i n g  with  10V. e t h e r - h e x a n e ,  t o  g i v e  20 mg 
(10.17.)  o f  E183, Rf = 0 . 3 2 - 0 . 4 7 .
'H NMR (CDCla, TMS):
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1 . 0 0 - 1 . 7 6  (m, 17 H), 2 . 0 4  <sr 3 H, 0C-CHa >,
4 . 0 5  ( t ,  J »  7 . 0  Hz, 2 H, -C H = -0 - ) ;
MS, m/e Crel i n t e n s i t y ) :  1 3 8 CM-"-AcOH, 1 0 ) ,
1 1 0 ( 1 9 ) ,  1 0 9 ( 1 7 ) ,  9 7 ( 1 2 ) ,  9 6 ( 8 1 ) ,  9 5 ( 7 7 ) ,  8 3 ( 2 7 ) ,
8 2 ( 1 0 0 ) ,  8 1 ( 5 7 ) ,  6 9 ( 3 4 ) ,  6 8 ( 6 0 ) ,  6 7 ( 8 0 ) ,  6 6 ( 1 1 ) ,
6 1 ( 4 6 ) ,  5 5 ( 3 9 ) ,  5 4 ( 1 6 ) ,  4 3 ( 5 1 ) ,  4 1 ( 2 9 ) .
13C—NMR: 1 7 1 ( 0 - 0 = 0 ) ,  6 4 . 7 ( -CHa- 0 - ) .
P r e c i s e  mass (by h i g h - r e s o l u t i o n  mass sp e c t r o m e t r y )  for  
Ci^HssOs, C alcd .  (M*-AcOH) 1 3 8 .1 4 0 8 ,  found: 1 3 8 .1 4 0 5 .
29.  P r e p a r a t io n  o f  2 - e t h y l - 1 - ( 5 - a c e t o x y p e n t y l ) 
c y c l o p e n t a n e  C183:
F o l lo w in g  procedure  2 8 ,  C37D (42 mg, 0 . 1 7  mmol) 
was t r e a t e d  w ith  g - t o l u e n e s u l f o n y l h y d r a z i n e  (50  mg, 0 . 2 7  
mmol) i n  a m ix ture  o f  DM F-sulfo lane  ( 0 . 4 4  mL: 0 . 4 4  mL) 
c o n t a i n i n g  4 . 4  mg o f  p - t o l u e n e s u l f o n i c  a c i d .  A f te r  s t i r -
or in g  a t  room tem p erature  for 2 h then  warming up to 100 C, 
NaCNBHa (35 mg, 0 . 5 5  mmol) then  0 . 3  mL o f  c y c lo h e x a n e  and 
f i n a l l y  0 . 3  mL o f  DMF were added. The r e a c t i o n  m ix tu r e  was 
worked up a s  in  procedure  28 t o  g i v e  a crude  product  which 
was t h i n  la y e r  chromatographed on s i l i c a  g e l ,  e l u t i n g  w ith  
10X e th e r - h e x a n e  t o  a f f o r d  C1BD (4 mg, 10.47. y i e l d )  a s  
c o l o r l e s s  o i l  a f t e r  e v a p o r a t io n  o f  t h e  s o l v e n t .  
l H NMR ( CDC13, TMS):
0 . 9 5  ( t ,  J -  7 . 0  Hz, 3 H, -CHa-CHa ) ,
0.98-1.84 Cm, 18 H), 2.04 ( s ,  3 H, 0C-CHa),
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4 . 0 4  ( t  , J *  7 . 0  Hz, 2 Hr - C H a - 0 - ) .
IR ( n e a t , cm” 1) :  1745, 1240;
MS, m/e ( r e l  i n t e n s i t y ) :  166 CM'"-Ac OH, 8 ) ,
1 5 5 ( 6 ) ,  1 4 1 ( 9 ) ,  1 3 9 ( 6 ) ,  1 2 8 ( 6 ) ,  1 3 7 ( 2 4 ) ,  1 1 0 ( 2 7 ) ,
1 0 9 ( 2 5 ) ,  9 8 ( 9 ) ,  9 7 ( 3 8 ) ,  9 6 ( 1 0 0 ) ,  9 5 ( 6 7 ) ,  9 4 ( 1 0 ) ,
9 1 ( 1 0 ) ,  8 7 ( 1 0 ) ,  8 3 ( 1 4 ) ,  8 2 ( 3 0 ) ,  8 1 ( 8 7 ) ,  7 9 ( 1 0 ) ,
7 3 ( 1 4 ) ,  7 0 ( 1 5 ) ,  6 9 ( 2 7 ) ,  6 8 ( 2 3 ) ,  6 7 ( 4 7 ) ,  6 6 ( 9 ) ,
6 5 ( 1 0 ) ,  6 1 ( 1 1 ) ,  5 7 ( 1 0 ) ,  5 6 ( 1 5 ) ,  5 5 ( 6 3 ) ,  5 3 ( 1 0 ) ,
4 9 ( 1 1 ) ,  4 5 ( 9 ) ,  4 3 ( 5 2 ) ,  4 1 ( 2 0 ) ,  3 8 ( 1 5 ) .
Anal.  C a lcd .  for  Ci^HabQa! C, 7 4 .3 4 ;  H, 11 .50 ;
Found: C, 7 4 .1 7 ;  H, 1 1 .4 5 .
30 .  P r e p a r a t io n  o f  2 - ( 5 - a c e t o x y p e n t y l ) - 4 - c a r b e t h o x y -  
3 - m e t h y l - 2 - c y c l o h e x e n - l - o n e  C613:
A s o l u t i o n  o f  Hagemannrs  e s t e r 193* 19<5 (936 g ,  
0 .1 9 9  mol) in  200 mL o f  t o l u e n e  c o n t a i n i n g  507. NaH d i s ­
p e r sed  in  m ineral  o i l  ( 9 . 6  g ,  0 . 2 0  mol) was m e c h a n ic a l ly
Os t i r r e d  under N2 a t  110 C u n t i l  no more hydrogen was 
e v o lv e d  ( c a .  1 h and 15 m in) .  The r e a c t i o n  m ix tu re  turned  
l i g h t  g r e e n - y e l l o w ,  then  y e l l o w  at room tem p era tu re ,  then  
t u m e r i c - y e l l o w  a s  h e a t e d ,  and f i n a l l y  became r e d -o r a n g e .  
The c o o l e d ,  v ery  v i s c o u s  r e a c t i o n  m ix ture  was t r e a t e d  with  
5-brom openty l  a c e t a t e  E403 ( 4 1 . 6  g ,  0 . 1 9 9  mol) and mecha­
n i c a l l y  s t i r r e d  under Na a t  r e f l u x  for  3 d a y s .  The i v o r y -  
c o lo r e d  m ix ture  was c o o le d  and s t i r r e d  a t  room tempera­
t u r e  for 4 . 4  h. A c e t i c  a c id  ( 1 . 4  mL) was c a u t i o u s l y  added
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t o  decompose any e x c e s s  NaH, f o l lo w e d  by 200 mL o f  w a ter .  
The t o l u e n e  la y e r  was s e p a r a t e d ,  and t h e  aqueous la y e r  
was e x t r a c t e d  w ith  e t h e r .  The combined o r g a n ic  l a y e r s  
were d r i e d  over  anhydrous MgSCU, f i l t e r e d  arid c o n c e n t r a ­
t e d  under reduced p r e s s u r e  t o  y i e l d  C61D 6 0 . 0  g (9 7 .3 ? . ) ,  
which was used for  t h e  n ex t  r e a c t i o n  w ith o u t  fu r th e r  
puri  f i c a t  i o n .
*H NMR CCDCla, TMS):
1 . 2 8  Ctr J ■ 7 . 0  Hz, 3 H, CHa-CHa-OO),
1 . 4 1 - 1 . 9 0  Cm, 8 H), 1 .9 8  Cs, 3 H, OC-CH3 ) ,
2 . 0 5  Cs, 3  H, 0 C - C H a ) ,
2 . 2 0 - 2 . 5 0  Cm, 4 H, C IC -C H a-C H a-) ,
3 . 2 5  Cm, 1 H, -CH-C02Et),
4 . 0 9  Ct, J = 7 . 0  H z ,  2 H, - C H a - 0 C 0 - C H a ) ,
4 . 2 3  Cm, 2  H, C H a -C H a -C O O -) ) .
IR Cneat, cm-1):  1735, 1725, 1665, 1635.
MS, m/e Crel i n t e n s i t y ) :  310CM-*-, 6 ) ,  250CS) ,
17SCS), 177C56), 176C17), 161C9), 159C16),
150 C1 2 ) ,  149C1B), 148C9), 139C17),  135C41),
1 3 4 C8 ) ,  133C11),  123C45), 122C26),  121C100),
1 U C 1 1 ) ,  109C29) , 10BC11), 107C25),  105C11),
9 1 C 2 4 ) ,  8 1 C1 3 ) ,  79C31),  77C17),  69C14),  67C12),
55C21) ,  43C41) .
31 .  P r e p a r a t io n  o f  2 - C 5 - a c e t o x y p e n t y l ) - 3 -  
m e t h y l - 2 ~ c y c l o h e x e n - l - o n e  [ 6 2 3 :
A m ix tu re  o f  C613 in  6 1 .1  mL o f  a c e t i c  a c id  and
2 0 k
8 1 . 5  mL o f  25V. HC1 was r e f l u x e d  for 18 h .  The r e a c t i o n  
m ixture  changed g r a d u a l l y  from a y e l l o w ,  c lo u d y  h e t e r o g e ­
neous m ix tu re  t o  a brown, c l e a r  s o l u t i o n .  A f t e r  c o o l i n g ,  
t h e  s o l u t i o n  was p a r t i t i o n e d  w ith  4 x 250 mL p o r t i o n s  o f  
b en zen e .  The o r g a n ic  phase  was washed w ith  5 x 45 mL por­
t i o n s  o f  water u n t i l  a l l  t r a c e s  o f  a c id  were gone ,  then  
w ith  s a t u r a t e d  NaCl s o l u t i o n  (250  mL), d r i e d  over anhy­
drous NasSO^., and c o n c e n t r a t e d  on a r o t a r y  e v a p o r a t o r .  
The r e s u l t i n g  brown o i l  <42 .3  g) was column chromato­
graphed on s i l i c a  g e l ,  e l u t i n g  w ith  a g r a d i e n t  o f  2-207. 
e t h y l  a c e t a t e - h e x a n e ,  t o  g i v e  C621, 31 g (65 .5% ),
Rf = 0 . 1 9 - 0 . 3 0  (26% pe tro leu m  e t h e r —e t h e r ) .
*H NMR (CDCla, TMS)a 1 . 2 - 1 . 7 9  <m, 8 H ) ,
1 .9 3  ( s , 3 H, C=C-Me), 2 . 0 4  <s, 3 H, -0C-CH3 ) ,
2 . 2 8 - 2 . 8  <m, 6 H ) , 4 . 0 4  ( t ,  J = 7 . 0  Hz, 2 H, -C H = -0 ) .
IR ( n e a t ,  cm- 1 ):  1735 ( e s t e r  C=0) ,
1655 ( c o n ju g a te d  C=0), 1635 <C=C).
MS, m/e ( r e l  i n t e n s i t y ) :  238<M“-, 2 4 ) ,
2 2 3 ( 1 0 ) ,  1 9 6 ( 1 0 ) ,  1 7 8 ( 1 6 ) ,  1 6 3 ( 3 1 ) ,  1 5 1 ( 1 4 ) ,
1 5 0 ( 2 6 ) ,  1 4 9 ( 2 7 ) ,  1 3 7 ( 2 0 ) ,  1 3 6 ( 4 4 ) ,  1 3 5 ( 5 9 ) ,
1 2 4 ( 4 1 ) ,  1 2 3 ( 3 7 ) ,  1 2 2 ( 2 5 ) ,  1 2 1 ( 1 3 ) ,  1 1 1 ( 1 1 ) ,
1 0 9 ( 1 2 ) ,  1 0 8 ( 1 4 ) ,  1 0 7 ( 2 3 ) ,  9 7 ( 1 1 ) ,  9 6 ( 6 0 ) ,  9 5 ( 4 5 ) ,
9 4 ( 1 6 ) ,  9 3 ( 2 5 ) ,  9 1 ( 2 7 ) ,  8 2 ( 2 4 ) ,  8 1 ( 3 3 ) ,  8 0 ( 1 5 ) ,
7 9 ( 6 5 ) ,  7 7 ( 2 3 ) ,  6 8 ( 1 2 ) ,  6 7 ( 4 5 ) ,  6 5 ( 2 8 ) ,  5 5 ( 5 9 ) ,
5 3 ( 2 0 ) ,  4 3 ( 1 0 0 ) ,  4 1 ( 4 4 ) ,  3 9 ( 1 7 ) .
Anal.  C alcd .  for C i ^ s O a :  C, 7 0 .5 9 ;  H, 9 .2 4 ;
Found: C, 70.19; H, 9.36.
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3 2 .  H ydrogenation  o f  C623s
A s o l u t i o n  o f  k e to  e s t e r  C62D ( 1 . 1  g ,  4 . 6  mmol) 
in  168 mL o f  95% EtOH was shaken w ith  1 1 2 .0  mg o f  57. Pd 
on carbon in  a Parr a p p a ra tu s  under i n i t i a l  hydrogen  
p r e s s u r e  o f  50 p s i . A f te r  72 h, t h e  m ix ture  was f i l t e r e d .  
The f i l t r a t e  was d r i e d  over anhydrous NaaSQ.*, and t h e  
s o l v e n t  was removed under reduced p r e s s u r e  t o  p r o v id e
1 .0 9  g (98.3%) o f  a c o l o r l e s s  o i l  a s  a m ix tu re  1 8 :8 2  o f  
c i s : t r a n s  C633 (based  on GO a r e a s ;  s e e  R e s u l t  and d i s ­
c u s s i o n  s e c t i o n  for t h e  s t e r e o c h e m i c a l  a s s ig n m e n t ) .  
l H—NMR for  t h e  m ix ture  (400 MHz, CDCls, TMS‘) : (major,
t r a n s ) :  1 .1 3  (d ,  J = 6 . 6  Hz, 3 H, CH-CHa),
1 . 4 0 - 1 . 8 0  (m , 8  H, - C H a - C H a - C H a - C H a - ) ,
1 . 9 6 - 2 . 1 5  (m, 5 H, -CH=-CH=-C H -) ,
2 . 0 3  ( s ,  3  H, O C -C H a ) ,
2 . 3 5 - 2 . 4 7  (m, 3  H, - C H a - C 0 - C H - ) ,
4 . 0 4  ( t ,  J = 6 . 4  Hz, 2 H, - C H a - 0 - ) ;
( minor, c i s ) : 0 .8 1  (d ,  J = 7 . 0  Hz, 3  H, - C H - C H a ) , 
1 . 1 2 - 1 . 4 0  (m, 8 H, - C H a - C H a - C H a - C H a - >,
1 . 8 0 - 1 . 9 5  (m, 5 H, -C H a -C H a “ C H -> ,
2 . 0 3  ( s ,  3 H, OC-CHa),
2 . 2 0 - 2 . 4 5  (m, 3  H, -CHa-CO-CH-),
4 . 0 4  ( t ,  J = 6 . 4  Hz, 2 H, - C H a - 0 - ) .
13C NMR d ata  ( s e e  s t e r e o c h e m i c a l  ass ignm ent  s e c t i o n ) .
IR ( n e a t ,  cm -1) :  1750, 1720, 1250;
MS, m/e ( r e l  i n t e n s i t y ) :  (m ajor , t r a n s ) :
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2 4 0 CM*, 2 ) ,  1 1 3 ( 3 ) ,  1 1 2 ( 9 1 ) ,  9 8 ( 9 ) ,  9 7 ( 1 0 0 ) ,  9 3 ( 7 ) ,
8 1 ( 6 ) ,  6 9 ( 6 ) ,  6 7 ( 6 ) ,  3 3 ( 1 2 ) ,  5 3 ( 2 0 ) ,  4 3 ( 1 1 ) ,  4 1 ( 6 ) , *  
(minor. c i s ) i  240CM*, 2 ) ,  1 1 3 ( 4 ) ,  1 1 2 ( 6 5 ) ,  9 8 ( 5 ) ,
9 7 ( 1 0 0 ) ,  8 1 ( 6 ) ,  6 9 ( 3 0 ) ,  6 7 ( 5 ) ,  5 5 ( 1 0 ) ,  4 3 ( 1 3 ) ,  4 1 ( 4 ) .  
Anal.  C a lcd .  for  Ci^Ha^Oai C, 7 0 .0 0 )  H, 1 0 .0 0 )
Foundi C, 7 0 . 1 0 )  H, 1 0 .1 3 .
3 3 .  Prmparation o f  e t h y l ( o r  m eth y l )  1 - ( 5 - a c e t o x y p e n t y l ) 
- 2 - o x o - c y c 1o h exanecarb oxy1atm C643i 
To a s t i r r e d  s u s p e n s i o n  o f  50% NaH in  m ineral  o i l  
( 2 9 . 3  g ,  0 .6 1  mol) in  338 mL o f  dry THF was added 100 g 
o f  c o m m e rc ia l ly  a v a i l a b l e  2 - c y c l o h e x a n o n e c a r b o x y la t e  (60% 
e t h y l ,  40% methyl e s t e r s )  d u r in g  1 . 5  h w h i l e  m a in t a in in g
O
a tem p er a tu r e  o f  25 C. The g r e e n - y e l l o w  m ix ture  was s t i r -
o
red  for 15 min, warmed t o  53 C, and t r e a t e d  w ith  5-bromo-
p e n t y l ’ a c e t a t e  C403 ( 1 3 1 . 7  g ,  0 . 6 3  mol) dur ing  6 min. The
odark y e l l o w  m ix tu r e  was s t i r r e d  a t  5 9 - 6 3  C for  6 . 5  h un­
der N3 . The r e s u l t i n g  i v o r y - c o l o r e d  m ix tu r e  was c o o l e d  t o  
room tem p era tu re  w ith  s t i r r i n g  for 3 h,  poured i n t o  water  
(650 mL) and e x t r a c t e d  w ith  3 x 400  mL p o r t i o n s  o f  water  
u n t i l  a l l  t r a c e s  o f  b a s e  were gone ,  then  w ith  s a t u r a t e d  
NaCl s o l u t i o n  (400  mL). A fte r  d r y in g  over  Na3S04 t h e  s o l ­
v e n t  was removed t o  a f f o r d  a y e l l o w  o i l  w i th  a f r u i t y  
s m e l l ,  C64D ( 1 6 9 . 8  g ,  93% y i e l d ) .  
l H NMR CCDCla, TMS)3
1 .3 0  ( t ,  J -  7 . 0  Hz, 3 H, -CHa-CHa i f  R = Et>,
1 . 3 5 - 2 . 6 0  (m, 16 H, - (C H 2 )-o> ,
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2 . 0 3  ( s ,  3  H, OC-CHa),
3 . 7 2  ( s ,  3 H, COO-CHa i f  R-Me)t
4 . 0 4  ( t ,  J -  6 . 0  Hz, 2 H, -CHa-Q-CQ-CHa),
4.24 (q ,  J - 7.0 Hz, 2 H, OC-O-CHa-CHa i f  R-Et).
The m ix tu r e  o f  e s t e r s  was used  w i th o u t  s e p a r a t i o n  i n  t h e  
n s x t  r s a c t i o n .
3 4 .  P r e p a r a t io n  o f  2 - ( 5 - a c e t o x v p e n t y l ) c y c l o h e x a n o n e  
C663 from C643:
A s t i r r e d  m ix ture  o f  cru de  C64D (170 g ,  0 . 5 7  m o l) ,
447 mL o f  g l a c i a l  a c e t i c  a c i d ,  94 mL o f  c o n c .  HaSO-* and 
445 mL o f  water was r e f l u x e d  for  2 2 . 5  h .  The c o o le d  mix­
t u r e  was e x t r a c t e d  w i th  3  x 400 mL p o r t i o n s  o f  b e n z e n e .  
The o r g a n ic  l a y e r  was washed w ith  3 x 250 mL p o r t i o n s  o f  
water u n t i l  a l l  t r a c e  o f  a c i d  was removed, th en  w i th  250  
mL o f  b r i n e  and d r i e d  over  anhydrous NaaSO*. The s o l v e n t  
was e v a p o r a te d  t o  a f f o r d  a y e l l o w  o i l  ( 1 1 4 . 3  g ,  83)1 cru de  
y i e l d  from 2 - c y c l o h e x a n o n e c a r b o x y la t e  e s t e r ) ,  which was 
chromatographed on s i l i c a  g e l ,  e l u t i n g  w ith  2-10% e t h y l  
a c e t a t e —hexane t o  g i v e  pure  C663 ( i d e n t i f i e d  by comparison  
t o  t h e  p u b l i s h e d  s p e c t r a 1'**, l i t 11** bp 1 3 0 - 1 3 2 ° C /0 .0 7 5  mm).
XH—NMR (CDCLa, TMS): 0.88-2.20 (m, 14 H),
2 . 2 5 - 2 . 4 5  (m, 3 H, -CHa-C0-CH-),
2.04 ( s ,  3 H, -0C-CHa),
4 . 0 4  ( t ,  J -  7 . 0  Hz, 2  H, -CH=- Q - ) ,
IR ( n e a t ,  cm"1) :  1750, 1720, 1250;
MS, m/e ( r e l  i n t e n s i t y ) :  226(M~, 1 3 ) ,  1 1 1 ( 7 ) ,
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9 0 ( 1 0 0 ) ,  9 5 ( 4 ) ,  8 3 ( 1 3 ) ,  7 0 ( 8 ) ,  6 9 ( 8 ) ,  5 5 ( 1 1 ) ,
4 3 ( 1 4 ) ,  4 1 ( 6 ) .
35.  P r e p a r a t io n  o f  E663 from c y c lo h e x a n o n e i
F o l lo w in g  procedure  7 ,  s i l y l  en o l  e th e r  C671 
( 8 . 5  g ,  50 mmol), which was prepared from c y c lo h e x a n o n e  
by H ou se 's  method3 0 0 , was d i s s o l v e d  in  dry THF (100 mL), 
and t r e a t e d  w ith  a s o l u t i o n  o f  l i t h i u m  amide [prepared  
from Li w ir e  ( 0 . 7 3  mg), 800 mL o f  ammonia, 300 mL o f  an­
hydrous THF and a t r a c e  o f  f e r r i c  n i t r a t e l  and then  with
a s o l u t i o n  o f  5-bromopentyl  a c e t a t e  C401 ( 4 1 . 8  g ,  0 . 2  mol)
in  50 mL o f  f r e s h l y  d i s t i l l e d  THF t o  g i v e  IZ661, y i e l d
4 . 5 6  g (4 0 .4 7 . ) ,  bp 1 4 5 - 1 4 7 ° C / 0 .2 mm ( l i t l ^& bp 130-132°C  
a t  0 .0 7 5  mm), i d e n t i f i e d  by comparison o f  *H NMR and IR 
s p e c t r a  w ith  p u b l i s h e d  s p e c t r a .
36 .  P r e p a r a t io n  o f  1 - a c e t o x y —2 - ( 5 - a c e t o x y p e n t y l )
c y c lo h e x e n e  C683:
F o l lo w in g  procedure  14,  k e to  e s t e r  C663 (111 g,  
0 . 4 9  mol) was r e a c te d  with  a c e t i c  anhydride  (237 mL) and
p - t o l u e n e s u l f o n i c  a c id  monohydrate ( 1 .1 4 g )  t o  g i v e  crude
C6S3 (957. pure  based on GC), y i e l d  1 2 8 .6  g ( 9 8 7 ) .
1H NMR (CDCl^i, TMS): 1 . 1 6 - 2 . 0 0  (m, 16 H) ,
2 . 0 5  ( s , 3 H, -C H a —□ —CO—CH3 ) ,
2 . 0 9  ( s ,  3 H, -C = C -0-C O -C H ro) ,
4 . 0 5  <t, J = 6 . 5  Hz, 2 H, -0 -C H ^ -) ;
IR ( n e a t ,  cm -1):  1755, 1738, 1705, 1220, 1030.
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13C NMR CCDCla): 2 0 .7 6  <1C), 2 0 . 8 7 ,  2 2 . 4 3 ,  2 2 . 9 8 ,
2 5 . 7 2 ,  2 6 . 7 8 ,  2 7 . 0 3 ,  2 7 . 7 1 ,  2 8 . 3 9 ,  2 9 . 8 8 ,  6 4 . 4 4 ,
1 2 3 .9 ,  1 4 2 .2 ,  1 6 9 .1 ,  171.
Anal.  C a lcd .  for  C i s H a ^ :  C, 6 7 . 2 ;  H, 8 .9 6 ;
Tound: C, 6 7 .0 3 ;  H, 9 . 1 1 .
3 7 .  P r e p a r a t io n  o f  2 - ( 5 - a c e t o x y p e n t y l ) - 2 - c y c 1o h e x -  
e n - l - o n e  C703:
To a s t i r r e d  s o l u t i o n  o f  eno l  a c e t a t e  C6B3 < 10 .9  g ,  
41 mmol) in  375 mL o f  g l a c i a l  a c e t i c  a c id  and 6 2 . 5  mL o f
Op y r i d i n e  a t  10 C was added a s o l u t i o n  o f  Bra <6 .9  g ,  
431 mmol) in  200 mL o f  g l a c i a l  a c e t i c  a c id  during  20 min. 
The r e s u l t i n g  s o l u t i o n  was a l lo w e d  t o  s ta n d  a t  room tempe  
r a t u r e  for 45 min and then  t r e a t e d  w ith  NaHSOa. The s o l u ­
t i o n  was d i l u t e d  w ith  b r i n e  and e x t r a c t e d  w ith  1:1 hexane:  
e t h e r .  The e x t r a c t  was washed w ith  water and b r i n e ,  d r i e d  
over KzCOa, and c o n c e n tr a t e d  t o  g i v e  1 3 .2  g o f  crude  
bromoketone C691, which was used in  t h e  next s t e p  w ith o u t  
puri f i c a t i o n .
*H NMR <CDCla, TMS): 1 . 4 5 - 3 . 0  <m, 16 H),
2 . 0 5  Cs, 3 H, -OC-CHa),
4 . 0 7  <t, J = 6 . 2  Hz, 2 H, -0-CH=- ) .
A s t i r r e d  s u s p e n s io n  o f  LiBr <8.6  g ,  99 mmol)
and LiaCOs <8 .3  g ,  112 mmol) in  100 mL o f  DMF was made
anhydrous by b o i l i n g  w ith  benzene  a s  d e s c r ib e d  in  t h e
procedure  15. A fte r  benzene had been d i s t i l l e d ,  t o  t h e
oabove m ix tu re  a t  80 C was added a s o l u t i o n  o f  t h e  bromo-
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ke to n e  C693 in  25 mL o f  DMF in  one p o r t i o n .  The s t i r r e d  
m ix tu r e  was h e a ted  t o  r e f l u x  dur ing  20 min and a t  r e f l u x  
for 15 min, c o o l e d ,  poured i n t o  725 mL o f  0 . 3  N HC1 and 
e x t r a c t e d  w ith  e t h e r .  The e x t r a c t  was washed w ith  water  
and b r i n e ,  d r i e d  over anhydrous MgS0.», and c o n c e n t r a t e d .  
Column chromatography o f  t h e  r e s i d u e  0 . 1 6  g)  on s i l i c a  
g e l ,  e l u t i n g  w ith  a g r a d i e n t  o f  0-10% e t h y l  a c e t a t e -  
hexane ( v / v ) , gave  C703 5 . 7  g (62%).
1H NMR CCD Cla, TM S):
1 . 1 4 - 1 . 9 7  Cm, 8 H, -CHa-CHa-CHa- and -CHa- o f  t h e  r i n g ) ,
2 . 0 4  Cs, 3 H, 0=*C-Me),
2 . 0 5 - 2 . 3 0  Cm, 4 H, 2 a l l y l i c  -CHa-),
2 . 4 3  C t ,  J  »  6 . 8  Hz, 2  H, - C H a ~ C = 0 ) ,
4.04 Ct, J = 7.0 Hz, 3 H, -CHa-Q-),
6 . 6 7  Cm, 1 H, -CH=C-).
MS, m/e Crel i n t e n s i t y ) :  224CM*, 1 3 ) ,  182C9),
164C22), 149C22), 146C9),  137C14), 1 3 6 ( 7 9 ) ,
135C63), 1 3 1 ( 9 ) ,  123C20), 1 2 2 ( 2 6 ) ,  1 2 1 ( 2 6 ) ,
1 1 8 ( 1 2 ) ,  1 1 7 ( 1 1 ) ,  1 1 1 ( 9 ) ,  1 1 0 ( 1 6 ) ,  1 0 9 ( 3 6 ) ,
-108(45) , 1 0 7 ( 2 2 ) ,  1 0 5 ( 1 0 ) ,  9 8 ( 1 0 ) ,  9 7 ( 1 0 ) ,
9 6 ( 9 ) ,  9 5 ( 3 3 ) ,  9 4 ( 3 4 ) ,  9 3 ( 4 6 ) ,  9 2 ( 1 3 ) ,  9 1 ( 2 7 ) ,
8 3 ( 8 ) ,  8 2 ( 4 5 ) ,  8 1 ( 5 5 ) ,  8 0 ( 5 0 ) ,  7 9 ( 1 0 0 ) ,  7 7 ( 3 4 ) ,
7 1 ( 1 5 ) ,  6 8 ( 9 ) ,  6 7 ( 5 2 ) ,  6 6 ( 1 8 ) ,  6 5 ( 1 6 ) ,  5 5 ( 6 9 ) ,
5 4 ( 1 3 ) ,  5 3 ( 4 1 ) ,  4 3 ( 9 5 ) ,  4 1 ( 4 1 ) ,  3 9 ( 2 8 ) .
A n a l . Calc d . for CiaHaoOa: C, 6 9 . 6 4  j H, 8 . 9 3  $
Found: C, 6 9 . 4 4 ;  H, 9 . 0 0 .
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38 .  P r e p a r a t io n  o f  s i l y l  e n o l  e th e r  o f  [ 6 6 3 :
In a manner s i m i l a r  t o  p a r t  A o f  pro ced u re  2 2 ,  k e t o -
e s t e r  [663 (598 mg, 2 . 6 4  mmol) i n  dry THF ( i . 5  mL) was
added t o  a m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  o f  LDA [prepared
in s i t u  by a d d i t i o n  o f  B u li  ( 1 . 2  mL o f  2 . 6  molar s o l u t i o n
in  hexane ( 3 . 1 2  mmol) t o  d i i s o p r o p y l  amine ( 0 . 5  mL, 3 . 5 6
©
mmol) in  dry THF ( 6 . 4  mL)3 under Ns at  - 5 5  C. The r e a c t i o n
om ix tu r e ,  which became v i s c o u s ,  was s t i r r e d  a t  - 2 7  t o  - 3 9  C. 
3 mL o f  dry THF was added t o  make s t i r r i n g  e a s i e r .  The 
s u s p e n s io n  was m a g n e t i c a l l y  s t i r r e d  for a f u r t h e r  1 h. 
MeaSiCl ( 0 . 6  mL, 4 . 7 4  mmol) was added dropw ise  over  30 s e c .  
A fter  working up a s  in  p roced ure  22 ,  a crude  product  (0 .5 1  
g) was o b ta in e d  hav ing  3 major components t e n t a t i v e l y  
i d e n t i f i e d  a s :  22.37. o f  [ 7 1 3 ,  3.87.  [723 and 35.67.  o f  s t a r t ­
in g  m a t e r ia l  [663 (based on GC and MS a n a l y s e s ) .
1H-NMR o f  t h e  m ix ture  (200 MHz, CDCla, TMS):
C713: 0 . 1 9  ( s ,  9 H, -OSiMea),
1 . 1 0 - 2 . 0 0  (m complex ,  12 H),
2 . 0 4  ( s ,  3 H, -OC-CHa),
2 . 1 0 - 2 . 5 0  <m, 2 H, -CH=.-C=C-) ,
2 . 7 0 - 2 . SO Cm, 1 H, -CH-C=C-);
4 . 0 4  ( t ;  J = 7 . 0  Hz, 2 H, - 0 - C H a - ) ,
4 . 8 0  ( t ,  1 H, -C=CH—) .
[ 7 2 3 : 0 . 1 2  <s, 9 H, -OSiMea),
1 . 1 0 - 1 . 8 0  (m complex,  14 H ) ,
2 . 2 0 - 2 . 7 0  (m, 3 H, -CH^-CO-CH-),
3.70 (t: J = 6.8 Hz, 2 H. -CHa-0->,
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4 . 4 0 - 4 . 6 0  (broad,  2 H, -CH2=C-).
MS, m/e ( r e l  i n t e n s i t y ) :  r e t  t im e  1 0 .4  min C713:
298<M—, 8 ) ,  1 8 4 ( 9 ) ,  1 8 3 ( 6 1 ) ,  1 8 1 ( 7 ) ,  1 7 1 ( 1 2 ) ,
1 7 0 ( 8 7 ) ,  1 6 9 ( 2 8 ) ,  1 5 5 ( 2 1 ) ,  1 4 2 ( 1 0 ) ,  1 2 7 ( 6 ) ,
1 1 7 ( 1 8 ) ,  7 9 ( 7 ) ,  7 5 ( 3 8 ) ,  7 4 ( 9 ) ,  7 3 ( 1 0 0 ) ,  6 7 ( 6 ) ,
5 5 ( 7 ) ,  4 5 ( 9 ) ,  4 3 ( 2 0 ) ;  C723 r e t  t im e  12 min:
298 (M"", 2 ) ,  2 4 1 ( 8 ) ,  2 0 1 ( 3 3 ) ,  1 8 4 ( 6 ) ,  1 8 3 ( 8 ) ,
1 7 0 ( 2 1 ) ,  1 4 9 ( 6 ) ,  1 1 7 ( 3 8 ) ,  1 1 5 ( 6 3 ) ,  1 1 1 ( 1 7 ) ,  9 9 ( 1 1 ) ,
9 8 ( 9 5 ) ,  9 7 ( 1 6 ) ,  9 3 ( 8 ) ,  8 3 ( 1 7 ) ,  8 1 ( 2 3 ) ,  7 9 ( 1 1 ) ,
7 7 ( 7 ) ,  7 6 ( 6 ) ,  7 5 ( 9 7 ) ,  7 4 ( 1 2 ) ,  7 3 ( 1 0 0 ) ,  7 2 ( 9 ) ,
7 0 ( 1 5 ) ,  6 9 ( 5 6 ) ,  6 7 ( 3 2 ) ,  5 5 ( 5 7 ) ,  4 5 ( 1 4 ) ,  4 3 ( 2 0 ) ,
4 2 ( 1 1 ) ,  4 1 ( 4 2 ) .
B ecause  a m ix tu r e  was o b t a i n e d ,  t h i s  r e a c t i o n  was not  i n ­
v e s t i g a t e d  f u r t h e r .
3 9 .  P r e p a r a t io n  o f  2 - (5 -h y d r o x y p e n ty 1 ) - 3 - m e t h y l -  
cy c lo h e x a n o n e  C733;
F o l lo w in g  proced ure  2 3 ,  C633 ( 1 . 4 4  g ,  6 . 0  mmol) in  
77* e th a n o l  i c  KQH ( 6 . 1  mL) was s t i r r e d  a t  room tem p era tu re  
for 30 h. A f ter  working up t h e  r e a c t i o n  m ix ture  a s  u s u a l ,  
C733, 1 .11  g (937.),  c i s a  t r a n s  = 38:62_ (based on GC a r e a s ) ,
was o b t a i n e d .
1H NMR o f  t h e  m ix ture  (CDCla, TMS)a 
0 . 8 5  (d ,  J = 6 . 8  Hz, 3 H, -CH-CH3 c i s ) .
1 .0 7  (d ,  J = 5 . 6  Hz, 3 H, -CH-CH3 t r a n s ) .
1 . 1 0 - 2 . 7 0  <m complex ,  16 H ) ,
3.64 (t, J = 6.10 Hz, 2 H, -CH^-O-);
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IR (neat, cm- 1 )a 3400 ,  1710, 1105;
MS, m/e ( r e l  i n t e n s i t y ) :  (c i s ) : 198(M“*, 1 ) ,
1 1 2 ( 4 8 ) ,  9 8 ( 8 ) ,  9 7 ( 1 0 0 ) ,  8 1 ( 7 ) ,  6 7 ( 9 ) ,  5 5 ( 1 7 ) ,
4 1 ( 7 ) ;  ( t r a n s ) : 198(M~, 1 ) ,  1 1 2 ( 4 5 ) ,  9 8 ( 7 ) ,  9 7 ( 1 0 0 ) ,  
8 4 ( 7 ) ,  8 1 ( 6 ) ,  6 7 ( 7 ) ,  5 5 ( 1 4 ) .
A n a l . C alcd .  for  C i2H22Q2■ C, 7 2 .6 6 ;  H, 1 1 .2 0 ;
Found: C, 7 2 . 3 9 ;  H, 1 1 .4 2 .
C733 was used for t h e  next  r e a c t i o n  w ith o u t  fu r th e r  p u r i ­
f i c a t i o n .  See  t h e  r e s u l t s  and d i s c u s s i o n  s e c t i o n  for  a 
d i s c u s s i o n  o f  t h i s  s t r u c t u r e  a s s ig n m e n t .
40.  H ydroborat ion  o f  t h e  t r i m e t h y l s i l y l  enol  e th e r  o f  
[733:
Part  A: F o l lo w in g  pro ced u re  22 ,  C733 ( 1 8 6 . 8  mg,
0 . 9 4  mmol) in  dry THF ( 0 .0 9 4  mL) was added t o  a s o l u t i o n  
o f  LDA [p rep ared  in  s i t u  by a d d i t i o n  o f  2 . 6  M BuLi in  
hexane ( 0 . 8 2  mL, 2 . 1 3  mmol) t o  d i i s o p r o p y la m i n e  ( 0 . 3 4  mL,
f
2 . 4  mmol) in  dry THF ( 4 . 8  mL)3 under Na a t  - 7 8  C over 6
min. The r e a c t i o n  m ix ture  was worked up a s  in  part  A o f
p roced ure  22 t o  p r o v id e  s i l y l  en o l  e th e r  C743, y i e l d
0 . 2 9  g (9 0 .2 7 . ) .
‘ H—NMR (400 MHz, CDCla, TMS):
0 .1 1  ( s ,  9 H, - 0 - S iM e a ) ,
0 . 1 7  ( s ,  9 H, -C=C-0-5iMe=>),
0 . 9 0  (d,  J = 6 . 7  Hz, 3 H, -CH-CHa t r a n s ) ,
0 . 9 4  (d ,  J = 6 . 8  Hz, 3 H, -CH-CHa c i s ) ,
1 . 2 0 - 2 . 5 0  (m complex ,  14 H ) ,
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3 . 3 7  Ct, J = 6 . 7  Hz, 2 H, -CHa- 0 - ) ,
4 . 7 0  Cm, 1 H, -CH=C-0- c i s ) ,
4 . 8 0  Cm, 1 H, -CH«C-Q- t r a n s ) t
MS, m/e Crel i n t e n s i t y ) :  Cc i s ) : 342CM*, 9 . 3 ) ,
207 C1 0 ) ,  197C35), 1 9 1 C l l ) ,  184C36), 183C35),
170C12), 169C77),  147C11), 95C11),  81C7),  7 9C 8) ,
77C8) ,  75C31),  73C100),  55C5),  45C8);
Ct r a n s ):  342CM*, 8 . 6 ) ,  184C29),  183C31), 170C11),
169 C78)« 147 CIS), 9SC10), 81C10),  75C29), 74C9),
73C100),  55CS).
Part Bs F o l lo w in g  proced ure  22 ,  crude  C743 CO.28 g,  
0 . 8 3  mmol) in  THF CO.33 mL) was t r e a t e d  w ith  1 M BHa .THF 
C l . 25 mL, 1 .2 5  mmol) then  w ith  10% HC1 C1.0 mL) and r e -  
f lu x e d  for 4 h and 10 min t o  g i v e  crude  C751, which was 
t h i n  la y e r  chromatographed on s i l i c a  g e l .  E l u t i n g  w ith  10% 
e t h y l  e t h e r - h e x a n e ,  gave  C753 c i s : t r a n s  47: 53, (based on 
400 MHz *H—NMR) a s  a c o l o r l e s s  l i q u i d ,  y i e l d  9 5 . 8  mg 
C63.4%), Rf = 0 . 0 7 - 0 . 0 2 .  
l H NMR 400 MHz (CDCla, TMS):
0 . 8 4  (d,  J = 7 . 1  Hz, 3 H, -CH-CHa c i s ) ,
0 . 9 5  Cd, J = 6 . 6  Hz, 3 H, -CH-CHa t r a n s ),
1 . 1 0 - 1 . 4 5  Cm, 8 H, -CHa-CHa-CHa-CHa- c i s ) .
1 . 4 5 - 1 . 7 5  Cm, 8 H, -CHa-CHa-CHa-CHa:- t r a n s ) .
1 . 8 0 - 2 . 6 0  Cm complex,  6 H, -CHa-CHa-CH-CH-);
3 . 6 4  Ct, J = 6 . 1  Hz, 2 H, -CHa-0-),
5.63 Cm, 2 H, -CH=CH->;
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i a C NMR d a ta  (see s t e r e o c h e m i c a l  a ss ign m en t  s e c t i o n ) .
IR ( n e a t ,  cm- 1 ) :  3410 ,  3040 ,  1640,  1260;
MS, m/e ( r e l  i n t e n s i t y ) :  <c i s ) : 182(M~, 5 ) ,  1 3 5 ( 7 ) ,
1 1 0 ( 1 2 ) ,  1 0 9 ( 1 7 ) ,  1 0 8 ( 9 ) ,  1 0 7 ( 8 ) ,  9 6 ( 3 4 ) ,  9 5 ( 1 0 0 ) ,
9 3 ( 2 6 ) ,  9 1 ( 1 1 ) ,  8 2 ( 1 3 ) ,  8 1 ( 5 0 ) ,  8 0 ( 1 5 ) ,  7 9 ( 3 9 ) ,
7 7 ( 1 4 ) ,  6 8 ( 1 3 ) ,  6 7 ( 4 4 ) ,  6 5 ( 8 ) ,  5 5 ( 2 4 ) ,  4 1 ( 1 5 ) ;
( t r a n s )s 182(M~, 7 ) ,  1 2 1 ( 8 ) ,  1 1 0 ( 1 4 ) ,  1 0 9 ( 1 3 ) ,
1 0 8 ( 1 0 ) ,  1 0 7 ( 8 ) ,  9 6 ( 2 9 ) ,  9 5 ( 1 0 0 ) ,  9 3 ( 1 9 ) ,  9 1 ( 1 1 ) ,
8 2 ( 1 3 ) ,  8 1 ( 4 7 ) ,  8 0 ( 1 2 ) ,  7 9 ( 3 6 ) ,  7 7 ( 1 1 ) ,  6 8 ( 1 2 ) ,
6 7 ( 4 7 ) ,  6 5 ( 8 ) ,  5 5 ( 1 8 ) ,  4 1 ( 1 6 ) ,  3 9 ( 7 ) .
P r e c i s e  mass (by h i g h - r e s o l u t i o n  mass s p e c t r o m e t r y ) for  
CiazHasO: C a lcd .  1 8 2 .1 67 1 ;  Found: 1 8 2 .1 6 7 1 .
4 1 .  P r e p a r a t io n  o f  3—(5—a c e t o x y p e n t y l ) - 4 - m e t h y l e y e l o -  
hexene  C213:
F o l lo w in g  procedure  27 ,  a s o l u t i o n  o f  C753 ( 2 3 . 2  mg, 
0 . 1 2  mmol) in  0 .0 4 6  mL o f  dry p y r i d i n e  was t r e a t e d  with  
0 .0 4 6  mL o f  a c e t i c  a n h y d r id e ,  and worked up a s  usua l  
t o  y i e l d  C213, 1 7 .8  mg, 80.4%, c i s : t r a n s  4 5 :5 5  (based  on
GC a r e a s )  a s  a c o l o r l e s s  o i l .  C213 was a lm ost  c l e a n  a c c o r ­
d ing  t o  GC. No p u r i f i c a t i o n  was a t tem p ted .
>H NMR 400 MHz CCDCla, TMS):
0 . 8 4  <d, J = 7 . 2  Hz, 3 H, -CH-CHa c i s ) .
0 . 9 3  (d ,  J = 6 . 8  Hz, 3 H, -C H -C H a t r a n s ) .
1 . 1 0 - 1 . 7 5  (m, 8 H, -CH^-CHa-CHa-CHz-),
1 . 8 0 - 2 . 5 5  (m, 6 H, -CH3-CHa-CH-CH-),
2 . 0 5  ( s ,  3 H, -0C-CHa),
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4 . 0 4  <mf 2 H, -0-CHa- > f
5 .6 1  (m, 2 H, —CH“CH—);
IR ( n e a t ,  cm -1):  3065 ,  1745, 1630,
1250, 1040; MS, m/e ( r e l  i n t e n s i t y ) :
( c i s ) :  224(M~, 4 ) ,  164 0 ) ,  1 4 9 ( 1 9 ) ,  1 3 6 ( 1 0 ) ,
1 3 5 ( 2 2 ) ,  1 2 2 ( 1 4 ) ,  1 2 1 ( 2 2 ) ,  1 0 9 ( 1 8 ) ,  1 0 8 ( 3 3 ) ,
1 0 7 ( 2 6 ) ,  9 6 ( 2 6 ) ,  9 5 ( 1 0 0 ) ,  9 4 ( 2 5 ) ,  9 3 ( 5 0 ) ,  9 1 ( 1 7 ) ,
8 2 ( 1 3 ) ,  8 1 ( 4 6 0 ,  8 0 ( 2 2 ) ,  7 9 ( 5 2 ) ,  7 7 ( 1 5 ) ,  6 8 ( 1 2 ) ,
6 7 ( 4 3 ) ,  6 5 ( 7 ) ,  6 1 ( 8 ) ,  5 5 ( 2 2 ) ,  4 3 ( 3 9 ) ,  4 1 ( 9 ) ,  3 9 ( 6 ) ;
( t r a n s ) :  224(M~, 3 ) ,  1 6 4 ( 1 3 ) ,  1 4 9 ( 2 7 ) ,  1 3 6 ( 9 ) ,
1 3 5 ( 1 9 ) ,  1 2 3 ( 7 0 ) ,  1 2 2 ( 1 9 ) ,  1 2 1 ( 2 6 ) ,  1 0 9 ( 1 7 ) ,
1 0 8 ( 2 8 ) ,  1 0 7 ( 2 7 ) ,  9 7 ( 7 ) ,  9 6 ( 3 0 ) ,  9 5 ( 1 0 0 ) ,  9 4 ( 2 7 ) ,
9 3 ( 6 3 ) ,  9 1 ( 1 6 ) ,  8 2 ( 1 3 ) ,  8 1 ( 5 7 ) ,  8 0 ( 2 6 ) ,  7 9 ( 5 9 ) ,
7 7 ( 1 9 ) ,  6 8 ( 1 0 ) ,  6 7 ( 6 4 ) ,  5 5 ( 1 7 ) ,  4 3 ( 4 3 ) ,  4 1 ( 1 3 ) ,  3 9 ( 9 ) .
P r e c i s e  mass (by h i g h - r e s o l u t i o n  mass s p e c t r o m e t r y )  for  
Ci«H3« 0 a P C alcd .  2 2 4 .1 7 7 9 ;  Found: 2 2 4 .1 7 7 8 .
42 .  P r e p a r a t io n  o f  l - ( 5 - a c e t o x y p e n t y l ) - 2 - m e t h y l - e y e l o -  
hexane C193:
F o l lo w in g  proced ure  28 ,  C633 ( 0 . 2 4  g ,  1 . 0  mmol) was 
t r e a t e d  w ith  p - t o l u e n e s u l f o n y l h y d r a z i n e  ( 0 . 2 4  g ,  1 .2 5  mmol) 
in  a m ix ture  o f  1:1 D M F-sulfo lane  ( 2 . 5  mL:2.5 mL) c o n t a i n ­
in g  25 mg o f  p - t o l u e n e s u l f o n i c  a c i d .  A f te r  s t i r r i n g  t h e
Om ixture  a t  room tem p era tu re  for 2 . 5  h,  warming up t o  108 C,
NaBHaCN ( 0 . 2  g ,  4 mmol) was added in  2 p o r t i o n s  over a 1 h
i n t e r v a l .  DMF ( 3 . 5  mL) was used t o  r i n s e  NaBH;iCN down t o  
t h e  r e a c t i o n  f l a s k .  Then 1 .7  mL o f  dry c y c lo h e x a n e  was add-
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ed .  The c lo u d y ,  o f f - w h i t e  s o l u t i o n  was h e a te d  t o  r e f l u x  a t  
o8 2 -9 0  C for 8 . 5  h and worked up a s  in  pro ced u re  2 8 .  Crude 
product  CO.24 g) was t h i n  l a y e r  chromatographed on s i l i c a  
g e l ,  e l u t i n g  w ith  107. e t h y l  e t h e r - h e x a n e  t o  a f f o r d  C193 
c i s s t r a n s  = 39 :61  (based on 400 MHz *H-NMR), Rf = 0 . 2 7 - 0 . 2 9 ,
3 8 . 5  mg (17%) a s  a c o l o r l e s s  o i l .
*H NMR (400 MHz, CDCla, TMS):
0 . 8 2  ( c i s )  Cd, J = 7 . 1  Hz, 3 H, -CH-CH3 ) ,
0 . 8 8  ( t r a n s ) Cd, J -  6 . 5  Hz, 3 H, -CH-CH=.),
0 . 9 2 - 1 . 9 1  Cm complex ,  18 H ) ,
2 . 0 5  ( s ,  3 H, -QC-CHa),
4 . 0 5  ( t ,  J = 6 . 6  Hz, 2 H, -0-CH=.-) ;
13C NMR d a ta  ( s e e  s t e r e c h e m i c a l  a ss ign m en t  s e c t i o n ) .
IR ( n e a t ,  cm- 1 ) :  1745,  1240;
MS, m/e ( r e l  i n t e n s i t y ) :  ( c i s ) : 166 CM'*'-Ac OH, 1 3 ) ,
1 1 0 ( 1 8 ) ,  1 0 9 ( 2 3 ) ,  9 8 ( 7 ) ,  9 7 ( 7 3 ) ,  9 6 ( 1 0 0 ) ,  •
9 5 ( 6 1 ) ,  8 3 ( 1 1 ) ,  8 2 ( 3 0 ) ,  8 1 ( 4 4 ) ,  7 9 ( 7 ) ,  6 9 ( 2 4 ) ,
6 9 ( 1 6 ) ,  6 7 ( 3 4 ) ,  6 1 ( 2 8 ) ,  5 6 ( 8 ) ,  5 3 ( 6 ) ,  4 3 ( 3 5 ) ,
4 2 ( 6 ) ,  4 1 ( 2 1 ) ,  3 9 ( 6 ) ;  ( t r a n s ) : 166(M~-AcOH, 12 ) ,
1 1 0 ( 1 2 ) ,  1 0 9 ( 1 9 ) ,  9 8 ( 8 ) ,  9 7 ( 9 3 ) ,  9 6 ( 1 0 0 ) ,  9 5 ( 5 0 ) ,
8 3 ( 1 0 ) ,  8 2 ( 2 6 ) ,  8 1 ( 4 3 ) ,  7 9 ( 7 ) ,  7 0 ( 6 ) ,  6 9 ( 2 4 ) ,
6 8 ( 1 8 ) ,  6 1 ( 3 3 ) ,  5 5 ( 9 7 ) ,  4 3 ( 3 4 ) .
Anal,  for  C^Ha&0a : C, 7 4 .3 4 ;  H, 11 .5 0 ;
Found: C, 7 4 .3 4 ;  H, 1 1 .6 5 .
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□anh Thi Vu Nguyen was born i n  S a i g o n f South Vietnam.  
A fte r  g r a d u a t io n  from Gia Long High S c h o o l ,  s h e  e n t e r e d
t h e  U n i v e r s i t y  o f  S a ig o n ,  where s h e  s t u d i e d  n a t u r a l  
s c i e n c e  and b i o c h e m i s t r y .  A f te r  t h e  Sa igo n  goverment f e l l  
in  A p r i l ,  1975, sh e  e m ig r a ted  t o  t h e  U n ited  S t a t e s .  In
A ugust ,  1975, s h e  e n r o l l e d  a t  New England C o l l e g e  in  Hen- 
n i k e r ,  New Hampshire, where s h e  s t u d i e d  c h e m is tr y  under 
t h e  d i r e c t i o n  o f  Dr. John J .  S a n t o s .  A f te r  g r a d u a t io n  from 
N.E.C in  August ,  197B, s h e  married her c l a s s m a t e ,  Binh
Thanh Nguyen, then  t h e y  e n t e r e d  t o g e t h e r  t h e  Graduate  
School  a t  P e n n s y lv a n ia  S t a t e  U n i v e r s i t y ,  Department o f  
C hem istry  and worked under t h e  d i r e c t i o n  o f  P r o f .  Maurice  
Shamma. In August ,  1980, s h e  and her husband e n t e r e d  t h e  
Graduate  School  o f  L o u is ia n a  S t a t e  U n i v e r s i t y  in  Baton  
Rouge, where sh e  i s ,  a t  p r e s e n t ,  a c a n d i d a t e  for t h e  
d e g r e e  o f  Doctor o f  P h i lo s o p h y  in  c h e m is t r y .  She performed  
her r e s e a r c h  under t h e  d i r e c t i o n  o f  P r o f .  Frank K. 
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